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EXECUTIVE SUMMARY

Recent trends in technology suggest that the future of in-vehicle “telematics” will involve products
which fully integrate telecommunications, route guidance, and other driver information systems
functions, perhaps with a voice recognition-based driver interface. The studies and analyses
described in this report represent the authors’ attempts to contribute to a better understanding of the
complex relationship between the driver and the technology. It is hoped that this understanding, in
turn, supports a more driver-centered evolution of the technology.

Clearly, a great many issues arise in consideration of the human factors of wireless
telecommunications and route guidance systems for drivers. The following objectives were selected
for the studies described in this report:

° Characterize the impact of route guidance system destination entry on vehicle control and
driver eye glance behavior on a test track;
° Assess the influence of individual differences, as indexed by a battery of cognitive tests, on

the susceptibility to distraction as indicated by disruption in vehicle control and driver eye
glance behavior during destination entry and cellular telephone use while driving;

° Examine the validity of a proposed SAE recommended practice to assess whether or not a
given route guidance destination entry function ought to be allowed while the vehicle is in
motion;

A test track study was performed which examined four commercially available route guidance
systems, representing alternative destination entry and retrieval methods, in terms of driver visual
allocation, driver-vehicle performance, and driver subjective assessments. Results for this study
suggest voice recognition technology is a viable alternative to visual-manual destination entry while
driving. This result is highlighted in test participant subjective assessments that favored voice input
over visual-manual methods. These data suggest that destination entry with visual-manual methods
Is ill-advised while driving.

The influence of individual differences on driver distraction was examined on a test track. Subjects
were trained on destination entry procedures with four commercially available route guidance
systems, as well as the dialing task on a commercially available wireless cellular telephone and on
manually tuning an after-market car radio. The participants then drove an instrumented vehicle on
a test track while concurrently engaging in various tasks with these devices. In-vehicle task
completion time, average glance duration away from the road ahead, number of glances away from
the road ahead, and number of lane exceedences were recorded. The participants were later given
an automated battery of temporal visual perception and cognitive tasks. Performance on the test
battery was then correlated to performance on the test track measures to determine the extent to
which individual driver differences could account for observed performance differences. Analysis
of these elementary test scores as predictors show low but consistent patterns of correlation to test-
track performance measures.

The draft standard SAE J2364 proposes that if a specified route-guidance destination entry function
can be completed by a sample of drivers in 15 seconds or less without concurrent driving, then that

vii



function may be accessible to adriver in amoving vehicle. To assess the diagnostic properties of
this so-called 15-second rule, another was conducted. Ten subjects between the ages of 55 and 69
years completed 15 different tasksin a stationary vehicle (15-second rule) and whiledriving. Tasks
included various destination entry tasks with four commercially available route guidance systems,
manual cell phone dialing, manually tuning an after-market in-dash radio to specific AM and FM
stations, and adjusting the HVAC controlsin the test vehicle. Results were characterized in terms
of the diagnostic sensitivity of the 15-second rule. There were four possible outcomes: (1) True
Positives, in which atask both failed the 15-second rule and showed an adverse effect on driving
performance; (2) False Negatives, in which atask passed the 15-second rule but showed an adverse
effect on driving performance; (3) True Negatives, in which atask passed the 15-second rule and
showed no adverse effects on driving performance, and (4) False Positives, in which atask failed
the 15-second static test but did not adversely affect driving performance. Disrupted lanekeeping
refersto an increased likelihood of exceeding the lane boundaries during performance of thetask in
amoving vehicle. The main results are summarized below:

(1) True Positives. All route navigation system destination entry tasks that required visual -
manual methods both failed the 15-second rule and were associated with disrupted |anekeeping.
Manually dialing an unfamiliar 10-digit phone number on the cellular telephone aso fell into this
classification.

(2) FalseNegatives: Tuning the Clarion after-market radio took |essthan 15 secondsfor static
completion yet was associated with above-threshold disruptions of lanekeeping on the test track.

(3) TrueNegatives: TheHVAC adjustment wastheonly task that wasboth completedinless
than 15 seconds statically and had no appreciable effect on lanekeeping during the test track trials.

(4) False Positives: Dialing home on acellular telephone, all VAAN destination entries by
voice, and tuning the after-market radio to aprescribed FM station all took longer than 15 seconds
to completein aparked vehicle (i.e., statically) yet were not associated with significant disruptions
in lanekeeping on the test track.

The estimated area under the receiver operating characteristic (ROC) curve was 0.55,
indicating closeto chance classification sensitivity. Thus, theresults of this preliminary assessment
suggest that when applied to a variety of in-vehicle tasks, the 15-second rule has diagnostic
sensitivity not much better than chance guessing. It produces a high false positive rate while still
allowingfalse negatives. It should befurther noted that the 15-second rule has not yet been validated
with respect to object and event detection, the effects of which can be distinct from degraded vehicle
control. The 15-second ruleworkswell for disallowing the most egregiously distracting tasks, e.g.,
manual destination entry while driving, for which the rule was intended. However, with few
exceptions, a 30-Second or a 45-Second Rule would also work about as well. These preliminary
findings, together with the observation that the 15-second ruleis, initself, not diagnostic with regard
tothelocusof driver distraction effects, suggest that opportunitiesfor improvement or enhancement
should be pursued. Recommendations are discussed.
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1.0 General Introduction to
Driver Distraction with Cellular Telecommunications and Route Guidance Systems

1.1 Background

Concernshavebeenraisedinrecent yearsabout thedistraction potential of Intelligent Transportation
Systems (ITS) technologies. Such technol ogies include wirel ess telecommunications devices such
ascellular telephonesand driver informati on systems such asroute navigation systems. Thisconcern
prompted the National Highway Traffic Safety Administration (NHTSA) to recently releaseamajor
report on the safety implications of the use of cellular telephones while driving (Goodman, Bents,
Tijerina, Wierwille, Lerner, and Benel, 1997; Goodman, Tijerina, Bents, and Wierwille, 1999).
Similarly, numerousresearch programshave been carried out by government, academia, and industry
toinvestigate human factorsand saf ety i ssues associ ated with route guidance systems. Most recently,
voice recognition systems have been offered for use in cars and trucks in the hope that such
technology will largely alleviatedriver distraction. A synopsisof selected human factorsstudiesinto
cellular telephone and route guidance system useisprovided below. Thisisfollowed by adiscussion
of key issues in driver distraction associated with route guidance and voice recognition systems.
Thisreview will serveasageneral introduction to theareaof device-induced driver distraction. This
section will conclude with the research objectives selected for the series of studiesdescribed inthis
report and a description of the organization of the report.

1.2 Review of Previous Resear ch: Cellular Telecommunications Systems

The extensive growth in the wireless communications industry over the past ten years has been
accompanied by growing concern for the potential hazards of driversusing wirelesscommunication
devices from moving vehicles. In responseto this concern, the NHTSA initiated a comprehensive
review of existing dataon thetopic (Goodman, Bents, Tijerina, Wierwille, Lerner, and Benel, 1997).
This section provides a summary of findings of the published human factors literature on cellular
telephones and driving reviewed in that report and indicates areas of uncertainty and future research
needs. See Goodman, et al. (1997) for additional details.

Over two dozen studies in English were reviewed. They included laboratory studies, simulator
studies, closed course/test track studies, studies conducted on open public roads, and epidemiol ogical
investigations. They spanned arange of cellular telephone tasks, from manual dialing, to various
typesof voicecommunicationsand comparison conditions. Aswill beindicated bel ow, the methods
of investigation and the materials used can have a substantial impact on the results obtained.

1.2.11 aboratory Studies: Laboratory tasksare most problematicto interpret. For example, Boase,

Hannigan, and Porter (1988) used a computer game of “squash” as a surrogate for automobile
driving while studying the impact of simple dialogues (e.g., asking about favorite foods or past
education) versus difficult negotiation dialogues (e.g., returning faulty goods, or responding to an
altered holiday travel booking). The relevance to driving of the finding that primary task
performance (measured in percent balls missed) deteriorates when conversation is introduced is hard
to determine without any rigorous link being made between the computer game and driving.




Briem and Hedman (1995) used a pursuit tracking task on a computer screen as a surrogate for
driving to study the effects of conversing on acellular telephone. The authors reported acomplex
set of results, one part of which indicated that conversation can deteriorate tracking performance,
especially when thetracking task has been made more difficult to smulatedriving on slippery roads.
Again, no data are provided to support the assertion that the pursuit tracking task adequately
simulated driving on real roads.

1.2.2 Simulator and Test Track Research: The simulator and test-track studies deal with many
facetsof driver behavior and performancewhileusing cellular telephones. With respect to thedialing
task, the studiesreviewed suggest thefollowing. When compared to driving alone, cellul ar telephone
manual dialing can bedisruptiveof vehiclecontrol activitieslikelanekeeping and speed mai ntenance
(Stein, Parseghian, and Allen, 1987; Zwahlen, Adams, and Schwarz, 1988; Serafin,Wen, Paglke, and
Green, 19933, 1993b). However, thisdisruption does not always appear, especially in closed-course
environments (Kames, 1978). Studiesusing voicedialing emulationsdo generally support the hands-
free approach asadesirable design goal. Manual dialing is sometimes, but not always, found to be
more disruptive than manually tuning aradio (McKnight and McKnight, 1991, 1993; Stein, et al.,
1987). Subjective assessments by test participants indicate that they are generally aware of the
demanding nature of manually dialing acellular telephone. Many studiesreport driver behavior that
appear to be attemptsto compensate for such disruptive effects (e.g., by slowing down the vehicle).

For the voice communicationstask and its effects on driving the following can be concluded. Onthe
positive side, voice communications, if sufficiently frequent and ssimple to perform, appear to
enhance driving performance with fatigued drivers (Drory, 1985). Equally important, simple
conversations appear to have little impact on lanekeeping and speed maintenance but sometimes
affect driver situational awareness (e.g., increased reaction times, reduced mirror sampling).

As arule, however, the ssmulator and test track studies that make use of cognitively demanding
“intelligence test” conversational materials generally show degradations in lanekeeping, speed
maintenance, or headway maintenance (Alm and Nilsson, 1990; Nilsson and Alm; 1991; Nilsson,
1993; Serafin, et al., 1993). The impact of such voice communications on perceptual and judgement
performance and object and event detection is also negative (e.g., Brown, Tickner, and Simmonds,
1969; McKnight and McKnight, 1991, 1993).

The correspondence between the conversational materials used in these studies and the content of
normal cellular telephone communications is unknown. Thus, such results may represent worst-case
or atypical voice communications. On the other hand, all simulator and test track studies to date have
used conversational materials devoid of emotional content. Emotionally laden communication (e..g,

a broker’s call to learn that a great deal of money has been lost) may have a deleterious impact on
highway safety that is even greater than that found with cognitively demanding tasks.

A better understanding of the nature of actual cellular telephone communications in business and
private calls is sorely needed. This characterization would include such factors as call frequency (to
both place and receive calls), call duration, call content, and call etiquette. A metric of conversational
“difficulty” would also be beneficial, though a fully defensible metric may be as elusive as metrics
of reading difficulty have proven to be.



1.2.30n-road Studies: Studies conducted on open roads in normal traffic represent a significant
step toward realismintesting. Based on the results of the on-road studies of cellular telephone use
conducted to date, the following patterns arise. First, on the road, disruptions by manual dialing to
lanekeeping or speed maintenance, as compared to manual radio tuning, appear to be small to
nonexistent (Hayes, Kurokawa, and Wierwille,1989; Green, Hoekstra, and Williams, 1993; Tijerina,
Kiger, Rockwell, and Tornow, 19953, 1995b).

On the other hand, dataindicate that both manual radio tuning and manual dialing can be disruptive
todriving(Tijerinaetal., 1995a, 1995b), and crash dataindicate radio tuning isassociated with crash
involvement (Wierwille and Tijerina, 1994). The magnitude of demands on visual attention while
dialing is sometimes | ess than that associated with manual radio tuning (Hayes, et al., 1989); while
at other times, dialing may require a greater number of glances and total time that the eyes are off
theroad (Tijerina, et al., 19953, 1995h).

Driver situational awareness (as supported by mirror sampling) appears to be reduced (Brookhuis
et a., 1991; Tijerina et a., 1995), though some experimental evidence exists that this reduction
occurs only under conditions where drivers judge it to be acceptable, i.e., quiet motor ways
(Brookhuis et a., 1991). Cognitively demanding voice communications also appear to increase
driver brake reaction times, again indicating a reduction in situation awareness.

Other related findings suggest that cellular tel ephone conversation need not be any more demanding
than conversation with a passenger (Fairclough, et al., 1991), at least in terms of driver eye glance
behavior. On the other hand, cellular telephone conversations can sometimes be more demanding
than passenger conversations because the passenger can more easily adjust the nature and pace of
conversation based on the current driving situation (Parkes, 1991). In addition, adriver has greater
control over anin-vehicle conversation and may bereluctant to abruptly terminateacall onacellular
telephone when driving demands are high for reasons of mis-guided etiquette.

If thereisasinglecommon threat to thevalidity of simulator studies, it isthe demand characteristics
of those environments when compared to real world driving. Thereiscurrently no way to determine
how closely behavior in the smulator would match behavior exhibited on the roadway other than
to compare the two sets of results obtained with identical test materials and protocols. Test track
studies provide agreater degree of realism than simulators but these too may be biased. Validation
studies are badly needed to address this question.

One comparison of on-road study resultswith those obtained in apart-task simulator using the same
dialing and voice communi cations tasks and materialsled to somewhat different results (Hanowski,
Kantowitz, and Tijerina, 1995; Kantowitz, Hanowski, and Tijerina, 1996). In general, it appearsthat
in those studies, professional heavy vehicle drivers allowed the driving task to deteriorate morein
the ssmulator than they did on the road. This suggests that the consequences of primary driving task
failure ontheroad provide anincentiveto the driversto maintain consi stent acceptabl e performance
whiledriving on public roads. Thisincentive can be difficult to adequately emulate in the simulator
environment where there are no comparabl e consequences to poor performance (Weimer, 1995).

It appears, then, that manual dialing can be disruptive of vehicle control performance, situational
awareness and judgement. Theincidence and magnitude of disruption whiledriving on public roads



generally appear to be less than that encountered in driving ssmulators or on test tracks, but may
nonetheless pose a safety concern. Therefore, designs to streamline the visual-manua demand
associated with cellular telephone dialing activities appear warranted.

Most of the research reviewed has been on fixed mount cellular telephones as opposed to hand-held

units. Given that the majority of cellular telephones sold today are of the hand-held variety, it isnot

clear how generalizable the results are to the hand-helds. For example, fixed mount systems may

require considerably more glancetimefor dialing since the driver must ook away from the roadway

while accessing the phone keypad. The hand-held alows the drivers to maintain the phone in a
position where the roadway can be more easily monitored. However, the hand-held may requiretwo

hands to dial, in which case steering control may be compromised. Hand-helds may be stored in

glove compartments, briefcases, pockets, etc., and may thusrequirethedriver to reach and/or search

for the phone. Finaly, a hand-held may require that an antenna be extended, and in the case of the

“flip phone,” may require additional manipulation. Some 94% of cellular telephones purchased in
Japan in 1995 were hand-held while the largest contributor to cellular telephone related crashes in
Japan (42%) was associated with responding to a call.

Solutions to some of these concerns have focused on hands free dialing and conversation. However,
the conclusions to be drawn from assessments of the effects of hands-free voice communications
tasks are less clear. On-road studies indicate that if the voice communications activities have any
effects at all, they are on driver situational awareness and not on vehicle control performance per se.

The simulator studies that show vehicle control disruption may reflect an experimental artifact, i.e.,
that drivers do not place as high a priority on the driving task in a simulator as they do on the road.
The voice communications dialogue materials that have been used in this line of research often
involve “intelligence test” type materials that may represent both extreme and atypical cognitive
loads when compared to normal cellular telephone communications. On the other hand, all of these
studies used voice communications that were free of emotional content as well. Dialogues that
involve substantial degrees of conflict, for example, may be even more disruptive than the
cognitively challenging materials typically included in human factors testing.

1.2.4 Epidemiological Studies: The epidemiological method can serve as a useful complement to
experimental or observational research although there are certain limitations which must be kept in
mind when reviewing study results. For instance, a statistical association does not necessarily imply
a causal relationship and other factors such as driver personality or demographic characteristics may
correlate with cellular telephone use.

Violanti and Marshall (1996) examined the amount of time per month spent talking on the phone
along with eighteen other driver inattention factors. Data was obtained from 100 randomly selected
drivers involved in crashes within a two year period and compared to that of a comparable control
group not involved in crashes. The authors reported that talking more than 50 minutes per month on
the cellular telephone while driving was associated with a 5.59-fold increase in crash risk. Crash
involved subjects tended to be younger, with less driving experience and more previous crashes than
non-crash involved subjects, talked longer and appeared to be engaged in more intense business calls
that non-crash involved drivers.



The epidemiological method addresses the general outcome (crashes), but tells us little about why
that outcome occurred. If phone use was affecting driver performance, it is not known what aspect
of phone use (dialing, talking, etc.) caused the problem, and what aspect of driving performance
(lane control, hazard detection, etc.) was degraded and resulted in the collision. As Violanti and
Marshall (1996) were careful to point out, their methods do not even establish whether a cellular
telephone was in use at the time of the collision.

A more recent epidemiological study on the relationship between cellular telephone use and traffic

safety is that of Redelmeier and Tibshirani (1997). They studied 699 Toronto drivers who had

cellular telephones and who were involved in motor vehicle collisions resulting in substantial

property damage but no personal injury. Each person’s cellular telephone calls on the day of the
collision and during the previous week were analyzed through detailed billing records. The time of
each collision was estimated from each subject’s statement, police records, and telephone listings
made to emergency services. The authors estimated that the risk of a collision was between 3.0 and
6.5 times as high within 10 minutes after a cellular-phone call began as when the telephone was not
used. In addition, Redelmeier and Tibshirani reported that cellular telephone units that allowed
hands-free operation offered no safety advantage.

This study is suggestive of a relationship between cellular telephone use and crashes that merits
further experimental inquiry, but limitations of self-selection of study participants, variability in
driving conditions and driving behavior, and no indication that the cellular telephone users were ‘at
fault’, all limit the definitiveness of the study conclusions. The relationship between cellular
telephone use and crashes is made more uncertain in light of the fact that the driver with a cellular
telephone may not have been using it at the time of the crash, and where the time of the crash is
itself estimated and subject to various sources of error. While Redelmeier and Tibshirani’s study
involves a number of shortcomings, it nonetheless represents a unique and suggestive investigation
of the relationship between cellular telephone use and highway safety.

There is a great need to better understand the characteristics of cellular telephone communications
(frequency, duration, content) that normally arise in the real world in order to better understand how
best to represent them in future studies. It is nonetheless clear that manipulation of the cellular
telephone can be disruptive of driving. It is equally clear though perhaps more insidious that voice
communications can be distracting even through the driver’s “eyes are on the road and hands are on
the wheel.” Thus, there also appears to be a need to develop better means to maintain or enhance
driver situational awareness while driving. This may be accomplished through intelligent
transportation system (ITS) technologies such as the “intelligent gotsoney”’ (Parkes, 1991), driver

status monitoring (drowsy driver) or other crash avoidance systems (CAS) that warn the inattentive
driver of crash hazards

1.3 Review of Previous Resear ch: Route Guidance Systems

Numerous studies have been conducted in recent years on the form and function that automotive
route guidance systems should possess and on driver behavior associated with such systems.
Research methods in such studies have ranged from laboratory studies on desktop PCs, to part-task
driving simulator research, to instrumented vehicle studies on the open highway. Much of this



researchiscoveredinrecent literaturereviewscarried out for the U.S. Department of Transportation
(e.g., Dingus, Hulse, Jahns, Alves-Foss, Confer, Rice, Roberts, Hanowski, and Sorenson, 1996). The
research on route guidance system attributes has also recently been condensed into a number of
human factors guidelines documents, most notably those of Green, Levison, Paelke, and Serafin
(1995) and of Campbell, Carney, and Kantowitz (1997). Finaly, an effort is currently under way
to trand ate the existing corpus of knowledge into anindustry consensus standard for route guidance
systemsthat addresses both route guidance system design characteristics and what system functions
should or should not be accessible while the vehicle is in motion (Scott, 1997). This standards
development effort is being carried out under the auspices of the Society of Automotive Engineers
(SAE) Safety and Human Factors Committee.

Only selected research findings are reviewed here. They serve to orient the reader to a selected set
of issues that are considered by the authors to be elemental to the evolution of safe in-vehicle
information and telecommunications systems. Only a few of the issues raised in this literature
review have been subsequently addressed in the studies reported later. This reflects an attempt to
be responsive to changing research needs as they arose during the course of this project work. The
authors nonethel ess believe that unaddressed issuesidentified and discussed in thisreview remain
important and highly recommend them for future research.

1.3.1 Route Guidance Systems Design and Driver Workload: Destination Entry: An effortis
currently being pursued by the Society of Automotive Engineers (SAE) Safety and Human Factors
Committee to develop an industry consensus standard or recommended practice for route guidance
systems that addresses what system functions should or should not be accessible while the vehicle
Isin motion (Scott, 1997). Chief among those functions of concern are destination entry functions
that might be engaged whiledriving. Clearly, inputting a destination is the first step for obtaining
benefit from a route guidance system.

It isthe opinion of many in the human factors community and el sewherethat destination entry while
driving is smply too distracting to be done safely. However, Green (1997) has pointed out that
destination entry or retrieval en route might be attempted in any of avariety of real world scenarios,

eg.,

° thedriver wasin ahurry, knew the general direction in which to start, and added the
destination information later;

° the driver needed to change destinations en route;

° the route guidance system does not use congestion information and aradio
announcement indicates the current route is problematic;

° the driver entered the wrong destination and does not wish to stop the vehicle; or

° the driver does not know the exact destination at the beginning of the trip, enters an
interim destination known to be close by, then entersthe actual destination at alater
time.

Thus, destination entry or retrieval whilein transit may be a strong temptation to some drivers. At
least one route guidance system (by Sony) includes amotion sensor that |ocks out such functions but
thisistheexceptionrather than therule. Many commercially available systemsdo not lock out such
functions while the vehicle is moving.



Driver workload has been shown to vary asafunction of automotive control |ocation and data entry

method. For example, Mourant, Herman, and M oussa-Hamouda (1980) reported on the use of direct

looks to in-vehicle controls of different configurations and locations as a measure of driver
workload. This paper explicitly posited that: “The positioning of controls so as to minimize direct
looks will permit the driver to spend more time monitoring the forward scene for potentially
dangerous events.” (p. 417). Mourant et al. (1980) found that the frequency of driver direct looks
increased with increased hand travel distance to reach a control and also that look durations
increased with increasingly complex control configurations.

Paelke (1993) used a driving simulator to examine four different touchscreen configurations for
entering destination information into a simulated route guidance system: a two-button sequence for
each alphanumeric entry, a QWERTY keypad layout, a phone-based keypad layout, and scrolling
through an alphabetical list. Results indicated that the QWERTY and phone pad layouts were
quickest to use. However, lanekeeping was significantly degraded during destination entry as
compared to baseline driving. Furthermore, age effects were present such that older drivers had
particular difficulty driving while entering a destination with the smaller keys and relatively greater
clutter of athe QWERTY keypad layout. Monty (1984) had found the use of touchscreen keys while
driving required more visual attention (longer mean glance durations) and resulted in greater driving
and system task errors than conventional “hard” keys. Zwahlen, Adams, and DeBald (1988)
evaluated touchscreen data entry on a closed course and found that longer eyes-off-road time were
significantly correlated to greater lane deviations.

Foley and Hudak (1996) reported on an autonomous route guidance system field test for a system
that accomplished destination and command entry by means of a remote keyboard unit (RKU)
similar in complexity for a VCR remote control. The mean destination entry time was one minute
with this device and varied from a low of 8 seconds (for destination retrieval, actually) to a high of

6 minutes and 51 seconds. The destination entry task was performed only while the vehicle was in
PARK, so no data were collected on driving impacts.

An interesting alternative for data entry is voice input while the vehicle is in motion. No studies of
this method of data entry while the vehicle is in motion appear to have been reported to date.
However, there may be similarities between this transaction and cellular phone dialogue. At least
one commercially available route guidance system offers voice-only destination entry but it requires
a dialogue between the driver and the system. Tijerina, Kiger, Rockwell, and Tornow (1995) found,
in their on-the-road workload study of heavy vehicle drivers using cellular telephones, that the voice
communications or dialogue portion of the call can reduce mirror sampling, thus degrading
situational awareness to some extent. Such findings might also arise in the case of voice destination
entry as well.

An on-the-road study of driver workload during destination entry or retrieval while driving would
provide an empirical assessment to substantiate a standardization effort. At the present time, the
prospects for collecting data on the workload imposed by destination entry or retrieval while driving

on public roads are poor. The authors recently had the opportunity to work with several
commercially available route guidance systems while driving. The systems varied in their method
of data or command entry. Some used bezel keys, some used remote control devices, some used
rotary knobs. The systems varied considerably in their data and command entry logic: some used



alphanumeric key entry while others provided scrolling lists of destinations, for example. However,
what did not vary was the impression that destination entry while driving issimply too risky for the
novice system user to attempt on the open roadway. Nonetheless, some people in situations like
those described by Green (1997) will attempt such transactions. Thus, characterizing the relative
effects of different destination entry or retrieval methods would be beneficial. Test track testing of
destination entry was chosen as a useful step in characterizing the demands associated with such
activities when pursued while driving.

1.3.2 Basic Driver Information Needs For Wayfinding: Once a traveler is en route to a
destination, he or she has entered into the phase of travel sometimes referred to as way-finding.

Streeter, Vitello, and Wonsiewicz (1985) reported that adriver must remember three factsfrom any

route guidance instruction: direction of turn, distance to that turn, and street to turn onto. “Notable”
landmarks were also identified as useful since people indicate they rely heavily on landmarks for
navigation. The turn direction information is critical since it is the basic decision the driver must
make at the junction. Turn-distance information allows the driver to manage his or her attention to
street signs and landmarks as the host vehicle approaches the turn area. It thus provides the driver
with information to prepare to get into the appropriate lane and slow down or stop as necessary to
make the turn safely and efficiently. The street name to turn onto is important so that the driver
knows which of several possibly closely spaced cross streets or alleys is the appropriate one. Finally,
landmark information (other than street name) can be beneficial in identifying the appropriate turning
point. Waller and Green (1997) have also identified the road being driven and the approximate angle
of turn as being among the basic elements of a turn display. The relative value of these information
items under different driving conditions and presentations is not fully understood.

However reasonable the above set of route guidance information may seem, there is considerable
variation in what is actually presented by route guidance systems. Perhaps most notably, landmark
information is absent in most commercially available route guidance systems (Paul, 1996). Some
systems auditory (voice) displays do not announce the street name to turn onto; others present only
turn-arrows at appropriate junctions. There are differences in the sequencing of information items
and the timing of their presentation as well. Thus, there are wide ranging differences in the content
as well as form of route guidance instructions.

The relevance of route guidance information elements for driver workload rests in the ease with
which the driver must match the information provided to the driving scene. The benefits of different
information items and combinations of items presented by a route guidance system may be
manifested in several measures of driver workload. In terms of driver eye glance behavior, for
instance, the presence of a notable landmark may influence the amount of time drivers spend looking
at a route guidance system visual display, at street signs, at the road scene, and at mirrors. Speed
variability may be reduced as drivers rely less on hard-to-see street signs. Similarly, lanekeeping,
car-following distance or closing rate, and lane changes may all be kept within relatively safer limits

if route guidance information is optimized. Ata more global level, travel time and number of wrong
turns may be reduced with enhanced route guidance information. Finally, the presence of landmark
information may enhance driver acceptance of a system, thereby increasing its frequency of use.
All such effects have safety implications (see Tijerina, Kiger, Wierwille, and Rockwell, 1995).



1.3.3 Studies of Route Guidance System Design and Driver Workload: Route Guidance:
Electronic route guidance systems have been under development at least since the electronic route
guidance system (ERGS) project pursued by the Bureau of Public Roadsin the late 1960s (Rosen,
Mammano, and Favout, 1970). Unfortunately, the ERGS was never field tested. Thus, it was not
until some yearslater than human factors studies of e ectronic route navigation systemsfor surface
transportation wereinitially conducted. A review of selected studiesisprovided below. SeeDingus,
Hulse, Jahns, Alves-Foss, Confer, Rice, Roberts, Hanowski, and Sorenson (1996) for a broader
review of the human factors literature on route guidance systems.

In an early study on the subject, Streeter, Vitello, and Wonsiewicz (1985) evaluated four different
route guidance aids on driver behavior and performance in an on-the-road study: voice guidance
(provided through taped instructions), customized paper route maps, voi ce gui dance plus customized
paper route maps, and acontrol condition (standard paper road map with only a destination address
provided). To obtain voiceinstructions, drivers operated atape recorder that allowed them to play
either the next instruction or a repeat of the last instruction. Roughly one set of voice instructions
per turn were provided. Only information available on the customized map was included in the
voice guidance. The customized route maps included only information relevant to the particular
route, were drawn to scale, made use of color, included interturn distances, and showed landmarks.
The route to be driven was traced in red.

Based on previous research on wayfinding and human memory processes, the authors prepared a
templateto devel op voiceinstructionsthat included asentenceto provide somelandmarks by which
tojudgeif thedriver had gonetoo far and missed theturn. In addition, the voiceinstructions aways
included asummary that reiterated the information about distance to turn, turn direction, and street
to turn onto. An example of one set of voice instructions provided for a single turn is provided
below:

“Drive for one mile to the tricky intersection of Broadway, Norwood Ave., and Bath Ave.
Turn right onto Bath.

The Shadow Lawn Savings and Loan Co. is on the right corner.

If you come to Third Ave., you've gone too far.

Remember, it's one mile to your right turn onto Bath.”

Resultswerebased on 57 test participantsdriving routesin Monmouth County, New Jersey. Drivers

who listened to the voice guidance alone drove less miles and took less time than the control,
customized map, or customized map plus voice conditions. Surprisingly, the voice-only guidance
involved fewer errors than either the customized map or customized map plus voice conditions.

Typical errorswere: (1) unableto find location while searching, (2) saw location whiledriving past,

(3) didn’t go far enough on road, (4) thought on wrong street, but correct, (5) turned in wrong
direction, (6) turned onto wrong street, (7) missed location, but not aware of it, (8) never found
correct road. The voice instruction substantially reduced wrong turn direction errors and turns onto
the wrong road. Many drivers disliked the “too far” voice instruction, though this may have curbed
instances where drivers drove past their turn points.

Streeter et al., (1985) concluded that the auditory channel for directional information appears to be
ideal on many counts. They also emphasized that the form and wording of the voice instructions



were the result of “designing, testing, and iterating.” They did not claim they were the best possible
directions, only that they appear to work effectively, and require information that might reasonably
be expected to be contained in a good geographical data base. This is a landmark study of purely
auditory route guidance instructions and was the inspiration for numerous other attempts to build
auditory route guidance interfaces. Unfortunately, the assessment did not examine other facets of
driver workload that also relate to safety such as driver visual allocation, speed variation,
lanekeeping, and so forth.

The first human factors evaluation to explicitly address the attentional demands of an electronic route
guidance system that provided an electronic map display was conducted on the ETAK Navigator®
by researchers at Virginia Polytechnic Institute and State University in the late 1980s (Dingus,
Antin, Hulse, and Wierwille, 1989; Antin, Dingus, Hulse, and Wierwille, 1990). The ETAK
Navigator driver interface consisted of an electronic map display presented on a 7.3 cm high by 9.5
cm wide monochrome CRT monitor mounted in the center of a test vehicle dashboard. The system
used a form of dead reckoning and a map database to provide a dynamically updated heading-up
electronic map display of the host vehicle position and the location of the destination. The Etak
Navigator did not provide a recommended route; it only showed the destination and current vehicle
location. Antin, et al. (1990) point out that such a system requires the driver to perform trip planning
tasks in transitinstead of pre-drive. The electronic map format, combined with small-screen displays
used for automotive applications, also requires the driver to manipulate the electronic display with
pan and zoom.

Experimentation was performed to compare driver performance and behavior while navigating with
the Etak Navigator moving map to use of a conventional paper map or navigating a memorized
route. From the standpoint of visual demand, the moving map display significantly drew the driver’s
gaze away from the driving task relative to the norm established in the memorized route condition,
as well as in comparison to the paper map. No differences as a function of navigation condition were
found in brake, accelerator, or lane deviation measures. Further, there were no crashes or near
misses during the course of the study. Antin, et al. (1990) reported that there were fewer steering
holds (an indication of intrusion on the driving task) with the moving map display relative to the
paper map. Dingus, et al. (1989) presented comparative data on the visual demands of Etak
Navigator transactions as well as conventional tasks using dashboard instrumentation. In this way,
the demand of the navigation tasks could be related to the demand of common tasks. It was
determined that most of the Etak Navigator tasks were within the range of visual demand imposed
by conventional tasks using dashboard instrumentation. Note that the Etak Navigator made no use
of auditory displays.

Walker, Alicandri, Sedney, and Roberts (1991) evaluated 3 audio (female voice) and 3 visual route
guidance interfaces, of low, medium, or high complexity, in the Federal Highway Administration’s
(FHWA) HYSIM simulator, along with a strip map with written directions. The simple auditory
display announced “Left, Left, Left.” the block before the turn. The medium complexity auditory
display announced “Take 3rd left...” three blocks from the turn, “Take 2nd left...”, two blocks from
the turn, and “Take 1st left...” one block from the turn. The high complexity auditory display was
much more verbose and informative, e.g.,: “You are heading Northeast on Jefferson. You are
passing Bellvue on the left. The next four streets are Concord, Canton, Helen, and Grand. Your next
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turn is a left (Northwest) onto Cadillac in approximately 1.7 miles.”. The complex message was
presented periodically along the drive.

The simple visual display was composed of left or right arrows set on 90-degree angles with vertical
stems and displayed the block before the turn. The medium complexity display was text displayed
on a video screen of the form: “Take 3rd rig#it three blocks from the turn, “Take 2nd right,

two blocks from the turn, and “Take 1st right one block before the turn. The high complexity
visual display was an electronic map display on a 4.9 in by 5.5 in screen. In this display, no route
was provided; only the vehicle location on the map and icon of the destination were available. Voice
displays and visual displays were never combined in this study.

A total of 126 test participants drove in the HYSIM simulator for the study. The difficulty of the
driving task was manipulated by varying crosswinds, presence of another vehicle in the adjacent
lane, vehicle gage monitoring, reduced lane width, among other manipulations. Data collected
included speed, navigation errors, mean lateral placement, lane position variability, heart rate, and
reaction to gage changes.

Results indicated that the audio systems were related to fewer navigation errors for all three levels
of complexity. The largest difference in navigation errors between visual and auditory systems was
in the low complexity case; the smallest difference was in the medium-complexity case. Drivers
using the complex navigation devices drove more slowly than those using less complex devices and
this effect was especially pronounced in older drivers (55 years or older). Furthermore, several test
participants commented that the complex devices (both auditory and visual) gave too much
information. This suggests that there is a benefit to streamlining the nature of the navigation system
output (both auditory and visual) to include only essential information.

More recently, McKnight and McKnight (1992) examined the attentional demands of in-vehicle
navigation systems on drivers in an open-loop driving simulator. Drivers responded to videotaped
traffic scenes through simulated vehicle controls while receiving route information through five
alternative in-vehicle displays presented on a 14-inch VGA color monitor: an area map, a strip map,
a strip map with a cursor to indicate current host vehicle position, arrow displays preceded with an
auditory signal to alert a change in arrow direction, and a composite display of the last two
alternatives. Based on data collected from 150 test participants, the results indicated no significant
differences among the display alternatives in regards to responsiveness to traffic incidents, an
outcome attributed to the relatively small amount of time spent looking at the displays. Older drivers
required more time to gather information and anticipated turns less well than younger drivers, but
were more responsive to traffic safety conditions. The unusually large system display and the open-
loop nature of the simulator suggest a need to validate these results in real world driving conditions.

Parkes and Burnett (1993) compared the attentional demands associated with visual and audio route
guidance displays by means of an on-the-road study. Sixteen test participants each drove two trial
routes, one with only visual information provide by an LCD screen located in the dashboard along
the vehicle centerline at steering wheel height, or with both visual and auditory information. Results
indicated that drivers spent less time looking at the visual display and more time looking at the road
when audio information was presented compared with when audio information was not presented.
No data were collected on an audio-only display.
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Fairclough, Ashby, and Parkes (1993) presented results of an on-the-road study that compared the
effects on visual alocation of LISB/ALI SCOUT and TravelPilot route guidance systems. The
LISB/ALI SCOUT system was comprised of an LCD display which showed direction arrows, lane
recommendations, vector distance to the destination and a countdown to a guided maneuver.
LISB/ALI SCOUT visua displays were aso supplemented by an alerting tone and digitized male
voicecommands. TheLISB/ALI SCOUT system provided arecommended routeand turn directions.
The TravelPilot system used a CRT screen (green symbols on a black display) which displayed a
moving map display with host vehicle icon; it did not recommend an explicit route but rather noted
the destination on the el ectronic map and the vehiclelocation on theroad network. Thus, theroutes
taken could not be equated across the two systems. For the data reported, however, the data were
equated for a destination with comparable road types and traffic density.

Twenty-four test participants navigated through Berlin and drove to two destinations, one with each
of thetwo systems, counterbalanced acrossall thetest participants. Based on driver eyeglancedata,
theresultsindicated that the LI1SB system was associated with lower percentages of glance duration
to the device (9.2% of the glance durations) as compared to the TravelPilot (12.9% of the glance
durations). Significantly moretimewas spent with eyeson theroadway ahead with the LISB system
than with the Travel Pil ot system (80.5% versus 76.1%, respectively). Intermsof the percentage of
glance frequencies, there were a greater percentage of glancesto the Travel Pilot display than to the
LISB visua display (27.7% versus 23.8%), and agreater percentage of glancesto therearview mirror
and left-side view mirror. It is not clear to what extent the differences reported were due to the
greater complexity of the Travel Pilot display, the audio display that accompanied the LISB system,
or the fact that the L1SB display provided an explicit route to follow while the TravelPilot did not.

Burnett and Joyner (1993) reported on an experiment conducted in areal road environment with 24
volunteers using an instrumented car. Each test participant drove two different routes, one with an

el ectronic map-based route guidance system and one route with a baseline method. One baseline

method was a “backseat driver”, i.e., a human who provided voice instructions; the other baseline
method was a highlighted paper map. No details about the nature of the voice instructions was
provided in the paper.

Results indicated that test participants made no navigational errors (i.e., did not stray off the
designated route) with the vocal instructions. They made more errors with the electronic route
guidance system than with the marked paper map. The percentage of glance duration to the route
guidance system was greater (20.4%) than when glancing to the marked paper map (5.3%). The
percentage of total time spent looking to the road scene ahead was greatest for the vocal instructions
condition (91%), followed by the marked paper map (85.8%), and lowest for the electronic map
display (72.4%). Also, the percentage of total time spent glancing at the rear view mirror (2.1%)
and dashboard (0.9%) was less with the electronic map display as compared to the vocal instructions
(3.3% and 1.3%, respectively).

Map displays are generally hard for the driver to use while driving (see below). However, if an
electronic map is to be displayed, its orientation may make its use while driving relatively harder or
easier. The orientation of map displays (e.g., north up, heading up, heading separated) has been
investigated experimentally (e.g., Prabhu, Shalin, Drury, and Helander, 1996). Results generally
support a heading up orientation for route guidance, north up orientation for route planning.
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Large scale operational tests of route guidance systems, funded under the auspices of the Intelligent
Vehicle Highway System (IVHS) initiative, began with the TravTek evauation in Orlando, FL
between 1992 and 1993. One aspect of this evaluation was a camera car study by Dingus,
McGehee, Hulse, Jahns, Manakkal, Mollenhauer, and Fleischman (1995). In the cameracar study,
eighteen (18) visitors and twelve (12) local persons of varying ages and both genders served as test
participants. Four different navigation system conditionsand two control conditionswereexamined:

° turn-by-turn guidance screens with voice guidance;

° turn-by-turn guidance screens without voice guidance;

° electronic route map (heading up for guidance, north up for planning) with voice
guidance;

° el ectronic route map without voice guidance;

o text directions on a paper list (14 pt Times Roman font);

° conventional paper map.

The TravTek turn-by-turn with voice condition and the paper text directions list provided the best
overall performance. The turn-by-turn without voice condition and the electronic map with voice
were comparable in many respects but did not perform aswell in terms of driving performance and
safety-relevant driver errors. The electronic map without voice condition was the least safe of all
the conditions test. However, driver performance improved with TravTek navigation system
experience. Older drivers(65+)consi stently showed | ower navigation performance, longer eyeglance
times, and longer planning and trip times. Older driversin particular benefited by the TravTek turn-
by-turn with voice navigation assistance and had the most difficulty with paper maps. The paper
map condition was the least usable navigation approach and resulted in substantially worst
navigation performance than any other conditions. Kimura, Marunaka, and Suguira (1997) reported
similar findings. Average glance duration and number of glances per minute to a route guidance
system display were substantially reduced when voice was present as opposed to when only the
visual display was available.

More recently, other operational field tests have been undertaken to examine driver-vehicle
performance with route guidance systems. These include the ADVANCE evaluation completed in
the Chicago, IL areaand the FAS-TRAC evaluation currently underway in Detroit, Ml. While the
results of such studies have yet to be published, they represent further evaluations in the spirit of
TravTek. McGehee (personal communication, 1997) has indicated that the ADVANCE field
operational test yielded someinteresting results. First, the advantage found for voice displaysfound
in the TravTek evaluation was not replicated in ADVANCE. However, the ADVANCE voice
display did not provide street nameswhilethe TravTek display did and this may be the chief reason
for the lack of benefit. Second, the ADVANCE evauation also included printed text directions as
a comparison condition and again these text directions were among the best of the route guidance
presentationformatsevaluated. Thissuggeststhat printed text directionscanbegreat utility indriver
navigation yet commercially available route guidance systems do not make use of text displays.
Such displays can be demanding of driver visual attention (Tijerina, Kiger, Rockwell, and Tornow,
1995), but appropriate design may render text displays highly effective and workload reducing.

Srinivasan and Jovanis (1997) have most recently reported on the effects of sel ected route guidance
systeminterfaceson driver reaction timesin afixed-based, visually high fidelity simulator. Drivers
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navigated asimulated network using each of fivedifferent route guidance systems: paper map, head-

down turn-by-turn display, head-down electronic route map, head-up turn-by-turn display, and an
audio-only guidance system. The head-down electronic route map was shown in heading-up
orientation on a 15.38 cm (approximately 6 inches) liquid crystal display (LCD) located in the
instrument panel to the right of the driver’s forward field of view. The route was shown in red and
other segments were in green, along with an arrow icon showing the current vehicle position. Prior
to the start of the drive, the complete route and the network were shown on the display During the
drive, the map scale was changed to half-mile scale. A paper map condition involved a paper
version of a full-scale electronic map with route highlighted in pink, other roadway segments shown
in green, of size 28.2 x 43.5 cm (approximately 11 x 17 inches). Head-down turn-by-turn displays
also made use of the LCD and consisted of the speed in miles per hour, name of the street on which
the host vehicle was traveling, name of the next decision street (i.e., street to turn onto), and the
distances in tenths of miles or feet to the next decision point. A vehicle icon (amber in color) moved
up the currently traveled street (presented as a vertical green line with an arrow head on top). As the
vehicle approached the decision point, the distance indicator changed also. Beyond 122 m (400
feet), an amber triangle appeared to indicate whether the driver should turn left or right. At 122 m,
a large green arrow with an elongated tail replaced the small amber triangle and units of distance
displayed changed from tenths of miles to feet. The display also indicated the geometry of the
intersection. The head-up display used the same format but was presented as a virtual image in the
simulator focused approximately 2.4 m (7.9 feet) from the driver’'s eye and positioned in front of the
driver just above the hood line on the roadway scene. Finally, voice guidance consisted of a
prerecorded female voice that presented two messages per turn. A “distant” message was presented
that said, e.g., “In 400 feet, turn right onto Zuma.” An “at turn” message, presented at 61 m (200
feet) from the turn, said, e.g., “Turn right onto Zuma.” No landmark information was provided, nor
was the driver able to request vocal updates on demand.

Reaction time to a scanning task was the response variable analyzed. The test participant was asked
to monitor coral-colored squares of an outline form that were presented on the left and right edges
of the roadway approximately 28 feet apart. Periodically the squares would turn 45 degrees and
become diamonds. As soon as drivers detected the change, they were to push a button on the left
or right of the steering wheel hub, depending on which square had turned to become a diamond. The
diamond shape remained on the screen for 5 seconds or shorter, depending on the driver’s response.
It should be mentioned that to increase the driving task demand in the simulator, vehicles from a
side street would intrude into the test vehicle’s travel lane, pedestrians would stand or walk beside
and into the intersections, traffic control signals would change from green to yellow to red, stop signs
were present for the driver to obey, and other traffic (described as low traffic density) was present
on the simulated roadway.

Results indicated the following. When using the audio system, the drivers response times were
fastest while they were slowest with the paper map. The head-up turn-by-turn display was associated
with slower reaction times than the identically designed head-down turn-by-turn display. The head-
down electronic map was, surprisingly, associated with faster reaction times to the scanning task than
the head-down turn-by-turn display. The authors reported that exit interviews revealed drivers liked
knowing the number of blocks to a decision point, information that could be derived from the map
display but not the turn-by-turn display. Perhaps this accounted for the surprising result. Also, some
test participants found the audio display annoying and wanted to have the option of turning it off.
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This study indicates that an audio-only display system allows the driver to notice changes in the
forward field of view more readily, and that a head-up display (HUD) also increases the speed with

which adriver may notice changesin the road scene. However, the outcomes in the simulator with

the scanning task must be validated in future studies that examine the driver’s ability to detect,
perceive, decide, and react to real world objects and events in a real-world driving environment.

These studies taken together suggest the following pattern of results. First, maps are difficult to use
for many people and electronic maps are as well. Systems that provide a recommended route can be
less workload-intensive. Turn-by-turn displays are less demanding on the driver and support good
wayfinding performance. Voice displays can be very effective in route guidance, but their benefits
depend on their content. Text directions have proven to be very effective at providing route guidance
information with lower driver workload than electronic maps or paper maps. Finally, landmarks are
commonly used by people to navigate, yet are conspicuously absent from commercially available
route guidance systems even though databases exist that can support the use of landmarks.

1.3.4 Route Guidance Systems Interfaces. Modes and Codes: As indicated in the previous
section, a substantial amount of research has been conducted on different ways to present route
guidance information to drivers while they are en route. In terms of visual displays, paper maps of
various sorts and electronic maps have been investigated for their workload impacts, as have various
means to enhance their presentation. An alternative to the map display is the turn-by-turn display
which uses alphanumerics (e.g., street names, distance remaining) and special symbology (e.g., turn
arrows, distance-to-turn bars, GPS reception icon, heading indicator arrow) to indicate the street
being driven, turn direction, distance to turn, street name to turn onto, among other information
items. A third type of visual display is written directions, such as those offered by the Hertz Rental
Car Company’s computerized directions system.

Auditory route guidance displays have been investigated and developed as well. The content of the
auditory displays has varied considerably in various research studies. Content ranges from turn-
direction only, to distance to turn plus turn direction, to systems or prototypes that also provide
street names, and landmarks. In general, the very terse auditory displays have been used in
conjunction with visual displays of either the map or turn-by-turn variety. It is noteworthy that
Streeter and Vitello (1986) reported that all test participants in their study reported being able to
follow verbal directions well, regardless of their spatial or map reading abilities. Also, all test
participants reported relying heavily on landmarks for navigation. The researchers concluded that
verbal route guidance instructions represent the lowest common denominator for communicating
navigation information. As will be seen below, both theory and subsequent research have tended
to support these conclusions.

What reasons are there to believe verbal (either spoken or written) route guidance should be
beneficial in reducing driver workload? Wickens and Carswell (1997) succinctly characterize
several reasons why verbal text (and, by extension, vocal) directions (termed ‘route lists’ by them)
should be very effective as route navigation aids. First, they eliminate the need for many spatial
cognitive transformations that may arise with maps. Thatis, verbal directions, if properly presented,
eliminate the need to rotate a map to a heading-up orientation, to pan or zoom in or out of a map
display, or to align a 2-D map to the 3-D view of the world obtained while the driver looks through
the windshield. Second, the verbal navigational aid provides instructions in terms of a language of
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actions (e.g., “Go 0.2 miles and turn right at the Burger King onto High Street”), whereas a map
(even a map with highlighted routes and icons to indicate the both driver and destination locations)
requires the driver to interpret the spatial information into a set of actions. Third, because the route
lists are presented verbally (through voice or text), they can be mentally represented in working
memory as a phonetic or verbal code. The multiple resources theory of Wickens (1992) predicts
that keeping a driving instruction in working memory as a verbal code reduces competition for the
spatial visual processing resources that are involved in many aspects of scanning the driving
environment and controlling the vehicle.

1.3.5 Verbal Route Guidance as a Means to Reduce Driver Workload: Most route guidance

systems evaluated in the literature (TravTek being a notable exception) provide auditory output that
indicates only direction of turn (e.g., “Left turn ahead” rather than “In 0.5 miles, turn left onto High
Street” or “ In 0.5 miles, turn left at the Pizza Hut onto High Street”). Dingus and Hulse (1993)
explain that most voice displays have been implemented as limited-vocabulary digitized sampled
speech to keep down costs and enhance message comprehension. Sampled speech has generally
sounded better than synthetic speech, but recording thousands of street names has not proven
attractive from the standpoint of cost. Recent technological breakthroughs are making voice
synthesis systems lower in cost and easier to understand. This opens the way for including more than
just direction of turn information in a route navigation system voice message. Furthermore,
databases exist that can provide landmark information about commercial establishments, and major
geographical landmarks such as railroad crossings, hospitals, parks, cemeteries, and the like. The
merging of such database information into route guidance databases is both feasible and has already
begun. The DeLorme Street Atlas® for example contains details about geographical landmarks such
as railroad crossings, parks, and bodies of water.

As indicated above, three findings seem to have been underutilized to date in route guidance system
design. First, voice-only route guidance systems have the potential to work well and eliminate the
visual demands associated with a video display. Second, written directions were also reported to be
at the top of effective route guidance display concepts. Third, landmarks are considered useful by
most travelers. A fruitful line of research, therefore, would be to investigate the properties of voice
directions and text directions that maximize wayfinding performance while minimizing driver
workload.

Means, Fleischman, Carpenter, Szczublewski, Dingus, and Krage (1993) developed a very
sophisticated voice display for the TravTek auditory interface. The system had buttons on the
steering wheel that could be used to request auditory information from the system such as Where am
I?"( Gives the nearest cross street then the current street being traveled), "Repeat voice" (Repeats
last message verbatim preceded by ‘The last message was..."), requests for traffic reports and a
button to enable/disable the auditory route guidance. Also, the system would no longer repeat an old
message after an unspecified "short period" of time. Instead, the message was repeated with "No
recent message to repeat". Each maneuver might utilize up to three communications to the user.
A "far away" message gave only the distance to the next turn (it did not include the direction of the
turn). A "Near turn" message gave distance to turn, direction of turn, and street name. This
corresponded with a change in the visual display, which depicted the geometry of the maneuver and
street name. Finally, there was an "at turn" message that repeated the near turn message but omitted
distance information. Examples of each of the three message types were provided below:
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Far away message:  “Ahead, next turn in three and four-tenths miles.”
Near-turn message: “In eight-tenths miles, turn right onto the ramp to I-4 East.”
At-turn message: “Turn right onto the ramp to I-4 East.”

Several design goals guided the TravTek auditory display implementation. One was to minimize
unnecessary "chattering” to overcome negative reactions to earlier implementations of "talking cars".
Unnecessarily verbose messages should be avoided. The authors suggested that anthropomorphism
Is inevitable when using a voice display, but designers should take steps to minimize its effect.
Using a synthesized (computer generated) voice rather than a digitized human voice was
recommended.

A second design goal is to maximize intelligibility, in part by allowing the user to adjust relevant
settings; the voice synthesis system used in TravTek study allowed the programmer to adjust speed,
pitch and voice gain. The TravTek system used a voice resembling that of a medium-sized male
because of hardware constraints more than ergonomic reasons. The best voice gender to use is
unclear, but some research suggests that a female voice is less intelligible than a male voice.
Additionally, since spelling is a poor predictor of pronunciation in English, pronunciation algorithms
often fail to derive the correct pronunciations, so the authors suggest checking the system's entire
vocabulary. The authors checked, and corrected when necessary, the pronunciation for the entire
vocabulary, including 12,000 street names. The authors made two additional suggestions to improve
the intelligibility of synthesized speech. First, include the street name suffix (i.e., "Road", "Drive",
etc). Second, add an alerting preface (e.g., beep) to attract the driver's attention prior to the voice
onset.

A third design goal was to provide timely, useful information in the auditory display. Means et al.
(2993) note that in route guidance, each turn instruction should include the street name, direction
of turn and distance to the turn. Street names are especially useful at complicated intersections and
closely placed streets and are a safeguard against system errors (GPS errors, database errors, etc.).
However, one problem with using street names is that the signs are not always visible; here notable
landmarks may be quite beneficial. Distance to the next turn should be given in unambiguous units
(i.e., miles or kilometers), rather than more ambiguous units such as "go two blocks" which may be
ambiguous when the cross street intersect the current road on one side. They argue that stating the
time to turn as an objective distance (e.g., "Turn in 1.4 miles") is useful for people who can gauge
the distance, and not harmful to those who cannot. The authors do not mention dynamic updates,
which probably makes this problem irrelevant. For example, the TravTek video screen could show
the dynamically decreasing distance to the turn. Similarly, the “Where am 1?" button gave the
upcoming street followed by the current street in a timely fashion. By pressing the button repeatedly,
the system would output at each cross street that the driver approaches. It is interesting to note that
despite the advanced capabilities of the TravTek voice display, it was never tested alone (it was
always paired with a video display of some type) and landmarks were not incorporated into the
design.

Kintsch and Van Dijk (1978) have presented a model of text comprehension that suggests the
complexity of a sentence is a function of the number of underlying “propositions” or ideas it

contains. They estimate that only four ideas or propositions can be held in working memory at one
time. In the case of verbal route navigation directions, this suggests that if only four propositions
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can bereliably held by the driver in working memory, then adriving instruction should contain no
more than the following: @) the distance to the next turn, b) the turn direction, c) alandmark that
designatestheturn, and c) the street to turn onto. Note that these information units or propositions
were also contained in the recommendations of Streeter et al. (1985), and Green, et al., (1995) for
auditory voice displays.

Regarding the presentation of text displays, some basic research suggests a simple way to enhance
text comprehension. Graf and Torrey (1966) reported that comprehension of text was enhanced
when sentenceswere brokeninto several different linesof text and the end of each linecorresponded
to the end of aphrase. They presented sentences to test participantsaline at atime. The passages
could be presented in the Form A, in which each lineis amajor constituent phrase, or in the Form
B, in which thisis not so.

Form A Form B

During World War 11, During World War

even fantastic schemes [, even fantastic

received consideration schemes received

if they gave promise consideration if they gave

of shortening the conflict. ~ promise of shortening the
conflict.

Test partici pants showed much better comprehension of passagesinthe Form A, presumably because

the physical separation of lines coincided with the end of phrases. An extrapolation of thisresearch

suggests that instructions that must appear on several lines (or asfew words on successive screens)

should be divided by phrases rather than, say, based on line length. Thus, itis predicted that “Watch
your step....when exiting.... the bus” will be understood more quickly than “Watch your...step
when....exiting the bus” (Wickens and Carswell, 1997). This finding can be applied to the
preparation of text directions for route navigation as well.

These concepts could be developed and prototyped for predetermined origin-destination pairs that
drivers would traverse during data collection in an instrumented vehicle. The relevant workload
measures of merit would include driver eye glance behavior measures, driver-vehicle performance
measures, global wayfinding measures, and subjective assessments. The results of this work will
augment current DOT human factors guidelines for route guidance systems or Advanced Traveler
Information Systems (ATIS), guidelines which currently do not sufficiently address either voice
displays or text displays for wayfinding. Safety relevant outcomes might be more efficient visual
scanning with less eyes-off-road time, less en-route speed variation, fewer abrupt or aggressive lane
changes to position the vehicle for a sudden turn, fewer inadvertent lane exceedences, lower travel
time (affecting exposure), and the like.

As indicated in the literature review, there is evidence from prior research that people can work well
with textual/verbal directions when wayfinding, regardless of their spatial abilities. There are
reasons, both theoretical and empirical, to believe that verbal guidance will interfere less with the
primary driving task than most forms of spatial guidance. While it is expected that a text display
will be associated with some degree of visual demand (say, relative to a voice-only display), perhaps
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it will be sampled infrequently and provide drivers a sense of perspective (where they have been,
wherethey aregoing) and useful informationintheform of distance-to-turninformation. Zaidel and

Noy (1997) reported that voice guidance, with context-rich information (landmarks and other
orientation cues) was more effective than displaying guidance on avisua display. However, they

also found that an automatic voice-only display system produced higher subjective assessments of

driver workload, perhaps because of the demands such displays placed on the driver’s short-term
memory. It is interesting to note that in their Experiment 1, the “ideal navigator” display consisted
of a paper display of redundant text directions together with automatically presented voice guidance
that included landmark, geometry, and distance information.

1.3.6 TheUse of L andmark Information in Route Guidance Systems: Why should landmarks

in route guidance instructions be beneficial to the driver and reduce workload? Streeter and Vitello
(1986) noted that all test participants in their study reported relying heavily on landmarks for
navigation regardless of their spatial or map reading abilities. Except for street names, landmarks
are not included in commercially available route guidance systems, despite the fact that databases
exist that could provide landmark information. Street signs may be considered the most rudimentary
landmark but street signs are generally numerous, similar in appearance, and hard to read at a
distance. More visible or notable landmarks may be categorized in terms of man-made features (e.qg.,
traffic lights, traffic signs, businesses, cemeteries, private buildings, fences, railroad tracks), terrain
features (e.g., hills, embankments, woods, rock formations, cul-de-sacs), water features (e.g., ponds,
culverts, rivers), and vegetation features (e.g., corn fields, gardens, open fields, distinctive trees or
landscaping) (Green, et al., 1995; Whitaker and Cuglock-Knopp, 1995). The differential benefits
of different types of landmarks are not fully understood.

Akamatsu, Yoshioka, Imacho, Daimon, and Kawahsima (1997) reported on a study with eight
drivers in Tokyo, four of them familiar and four of them unfamiliar with the area. The test
participants “thought aloud” as they attempted to find destinations with one of a variety of route
navigation system prototypes. The verbal protocols indicated the types of landmarks and incidence
of their mention by the drivers. More than half of 246 spoken words referred to structures, street
names, and intersection names. This is perhaps not surprising given the route navigation systems
indicated the recommended route with such information. The authors noted that frequent use of the
navigation system at intersections suggested that drivers used landmarks to decide whether or not
to turn.

A very subtle effect of the order in which route guidance information elements are presented in an
instruction has been reported by Jackson (1996a, 1996b, 1996c). The three articles report two
studies that use a videotaped route to simulate way finding in an unfamiliar environment. Subjects
viewed two videotapes for each of three interconnecting routes. Each videotape was made with a
video camera fitted with a wide angle lens, allowing the experimenter to control what the subject was
able to see along the route. The first video was filmed with the camera pointing in the direction of
travel. In the second video, the camera pans from left to right to highlight landmarks. Each of the
routes involved a minimum of four turns and shared a portion of the route with the other two routes.
The staging area (based on the map) seemed to occupy about 900 sq meters. One study involved
the following groups:

Group 1: Subjects watched video in silence.
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Group 2: Subjects heard “complete route instructions” (it is unclear what this means).
Group 3: Subjects heard landmark information followed by turn directions
Group 4: Subjects heard turn directions followed by landmark information

After the subject viewed both videos for each route (the “straight-ahead” and the landmark videos),
the subject was asked to perform a series of tasks, which are "highly correlated” (no specifics given)
to the measure that is reported. The tasks included arranging ten photographs in the order that they
appeared along the route, indicating the distance between those scenes, indicating the direction of
one photograph relative to another, and estimating the time and distance traveled on each route.
After completing all three routes subjects were asked to complete a task similar to one of the above
tasks, but in this case subjects indicated the direction to landmarks between routes (cross pointing
task). Subjects also drew a sketch of the area. The author reports that the landmarks-then-turn
direction instructions elicited the best performance in the pointing task, although this is only the case
on the third route and the cross-pointing task, suggesting that subject performance improved with
directions given in this order, (but order and route number seem to be confounded). The opposite
occurred with the directions/landmark group (i.e., they got worse on the third route). The difference

in errors on the third route is about 27 degrees, and about 12 degrees on the cross route pointing task.
Jackson explains the difference by noting that while one piece of information is being processed, the
other must be stored in working memory. Since the direction is unambiguous, it should be processed
more quickly, than the landmark, and thus cause fewer problems with storage/retrieval. Jackson also
describes an additional analysis showed that subjects driving less than one year were less accurate
than those who had been driving for 2-3 years. This result bears upon the issue of driver cognitive
maps, something of concern only if the driver wishes to learn his or her way around in a new locale.
However, the wording difference may also be usable to drivers who wish only to get to a previously
unknown destination once (e.g., travelers).

Green et al., (1995) recommended a template for auditory route navigation messages that involved
early, prepare, and approaching messages (similar to those of TravTek). The position of the turn
direction is opposite that recommended by Jackson’s research. Incorporating this change, the
following message set might be provided:

° Early message: “In 3.5 miles, bear left at the Pizza Hut onto Green Street.”
° Prepare (Near-turn) message: “In 1 mile, bear left at the Pizza Hut onto Green Street.”
° Approaching (At-turn) message: “Bear left at the Pizza Hut onto Green Street.”

The timing of auditory route guidance information presentation has been studied by at least two
independent laboratories. Ross, Vaughan, and Nicolle (1997) conducted a study with fifteen test
participants in which a passenger (experimenter) presented short, precise navigation instructions that
contained an intrinsic prompt (e.g., “Take the next left turn”, or “ Take the second right turn”).
These were presented at varying times and the driver indicated on a 6-point scale whether the
instruction was too early/too late. No visual display was used and no landmark or street name
information was provided in the voice directions. Based on this approach, the authors presented
regression equations that indicated the preferred minimum, ideal, and preferred maximum
presentation distance (from the intersection) as a function of travel speed. Green and George (1995)
conducted a study of 48 drivers to address the same issue of timing the onset of auditory displays for
final turn instructions. In one part of their study, they had test participants approach a known
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intersection and say “Now” at the latest moment when the test participant would feel comfortable
hearing the turn direction information. Their results are presented in terms of a single regression
equation that predicted distance from turn for final turn instructions. This equation included, in
addition to travel speed, the predictor variables of driver age, gender, turn direction, and number of
vehicles ahead. Their results suggest that last turn messages should be provided approximately 450
ft prior to the turn, with that value being adjusted 15 ft for each mile per hour change. Adjustments
are also made for gender, age, and turn direction. Like the study of Ross et al. (1997) the voice
guidance did not include either street name or landmark information. Itis unclear to what extent the
recommended timing would vary with the inclusion of such information in the auditory message.
Kimura, Marunaka, and Sugiura (1997) note the 300 meters was generally the distance prior to an
intersection where landmarks were identifiable studies conducted in Tokyo and Nagoya, Japan. They
also recommended that turn directions be provided approximately 700 m prior to the intersection to
accommodate lane change maneuvers that might be required into the turn lane.

1.4 Voice Recognition asa Meansto Reduce Driver Workload

The automotive industry is actively working to adopt voice recognition technology. Furthermore,
text-to-speech processing is also becoming available for automotive use. The use of this technology
Is appealing because voice recognition and text-to-speech technology allow the driver the possibility
of performing tasks without visual or manual demand. However, even though there is no visual or
manual demand, voice transactions may still be distracting to the driver.

Voice technology could allow the driver to control many functions with voice commands that are
currently performed manually. Quite a few tasks are possible to perform using voice commands.
One application is in voice communications. For example, voice technology would allow hands-free
destination entry, cellular telephone dialing, answering and hang-up, hands-free telephone
conversation, and voice memos. Other applications would be Bmgrand monitoring vehicle
subsystems such as radio tuning, volume control, CD control, or HVAC controls.

Voice technology could also give drivers more convenient access to information sources such as
address books, email and fax text-to-speech readout, or electronic yellow pages. Voice technology
could also be used for navigation system functions such as destination entry and wayfinding support.
On a lighter note, voice technology also allows the possibility for voice interactive games such as
blackjack or trivial pursuit.

Before this technology is implemented, several important questions must be asked. What benefits
are accrued by voice transactions and when do they arise? What problems does a given voice
transaction create for drivers and under what circumstances? What functions should be available
or not available using voice technology? And finally, under what conditions does this technology
interact with driver age?

Multiple-Resource Theory (Wickens, 1992) provides some insight into dual task performance.

Multiple-Resource Theory suggests that resources available to perform a task may be defined by
three dimensions: encoding modality such as auditory or visual, processing code such as verbal or
spatial, and response modality such as manual or vocal. Each combination of these dimensions may
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be thought of as having a particular capacity or resource availability. Furthermore, if two tasksare
characterized by non-overlapping combinations of these dimensions the person engaged in the two
tasks could be expected to perform as well performing them concurrently as they would if they
performed them separately. For example, most people can successfully walk down a hallway (a
visual spatial task with amanual response) while at the same time talking to a friend or coworker
(an auditory verbal task with avocal response). Onthisbasisit might be predicted that it should be
easy for aperson to drive acar and listen to the AutoPC read back their email or talk to someone on
ahands-freecellular phone. AsWickens(inapublished letter to theeditor) pointsout, however, this
neglects the role of the central processing code. According to the Multiple-Resource Theory
cognitive processing can be characterized as either verbal or spatial. It is possible for a visualy
presented task responded to manually and an auditorally presented task responded to vocally to both
draw on the same central processing resource. For example, an architect listening to some changes
that have been made to some plans over the phone may draw upon his or her spatial processing
resourcesin order to understand what has been done. If the architect isdriving at the sametime, this
has the possibility of reducing his’/her spatial processing resources available to survey the scene out
the windshield and make appropriate control inputs. A worse case could be if the architect begins
making important decisionsand planning changesthat could useacombination of verbal and spatial
processing, which would be very resource demanding. This situation could draw a significant
amount of the architect’s attention away from the driving task even if the cellular phone is hands-free
and despite the fact that speaking over the phone is an auditory/vocal task. Furthermore, responding
over the phone, while it is a vocal response, will be a fairly complicated vocal response.

Wickens (1992) describes the vocal response as a separate response modality, however, it is actually
a complex motor response that has the potential to interfere with other manual responses (such as
braking or steering). For example, Van Hoof and Van Strien (1997) found that reading a list of
words out loud produced a small degree of interference in subjects’ finger tapping speed when the
two tasks were performed concurrently. They also found that reading speed decreased when the two
tasks were performed concurrently. It seems likely that a larger degree of interference may have
been found if the subjects had been required to generate and speak aloud more complicated
sentences.

Interestingly even walking and talking to someone at the same time may be more difficult than
performing each of those tasks separately. Bardy and Laurent (1991) conducted an experiment in
which subjects walked towards and stopped in front of a target while listening for a change in pitch
of a series of auditory tones. Bardy and Laurent found that although there was no measured impact
on walking performance, reaction times were delayed for the auditory task. This result is somewhat
surprising given the simplicity of the two tasks. In this experiment, the subjects were to press a
button to indicate a change in pitch of the tone. Itis possible that allowing a vocal response to the
auditory task in this case may have produced less interference.

The literature on dual task performance suggests that performance depends a great deal on the type
of tasks being performed and the input/output modalities. McLeod (1977) found that a two-choice
tone identification task interfered little with a manual tracking task when subjects could respond
vocally but interfered significantly more when the subjects responded manually. Wickens et al
(1983) asked subjects to perform a Sternberg memory task, in which subjects had to identify
whether or not a target letter was presented in a previously presented group of letters, concurrently
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with a tracking task, in which subjects had to pursue a target moving around on a screen with a
joystick controlled cursor. Inaddition, thememory task was presented auditorally on sometrialsand
visually on other trials. Subjects also responded to the memory task either manually or vocally in
different trials. The results indicated that the memory task was disrupted by common inputs
(performance was worse when both the memory task and tracking task were presented visually) but
depended less on the response mode (vocal or manual). The tracking task performance, however,
was disrupted mostly by the output modality and depended very little on the presentation mode.
Performance was much worse on the tracking task when both the tracking task and memory task
were responded to manually, whether the memory task was presented auditorally or visualy.
Performance was not affected as much when the memory task was responded to vocally but, again,
did not matter if the memory task was presented visually or auditorally. It isimportant to note that
for thisexperiment thelettersfor the memory task were presented very near thetracking display such
that the subjects could view both the tracking display and thelettersat the sametimewithout moving
their eyes.

In asecond experiment Wickens et al (1983) found that a spatial secondary task interfered with the
primary flight simulator task more than averbal secondary task. Furthermore, when the secondary
verbal task was presented auditorally and responded to vocally it interfered very little with the
primary flight task. When the verbal secondary task was presented visually and responded to
manually, however, performance on the primary flight task decreased substantially.

In a more recent study by Sarno and Wickens (1995) the results of a dual task evaluation were
similar tothe Wickenset al (1983) resultsin that the primary tracking task performance was affected
mostly by the output mode. Performance on the tracking task was worse when the secondary task,
whether it was verbal or spatial or easy or difficult, was responded to manually. Performance onthe
primary tracking task was not as badly affected when the secondary task was responded to vocally.
However, an unusual result of this study was that the verbal task interfered more with the tracking
task in most cases than the spatial task. According to Multiple Resource Theory the spatial task
would be expected to interfere morewith the tracking task than the verbal task. Wickenset al (1983)
point out that the spatial-verbal distinction isreally more of a continuum than adichotomy. It may
bedifficult to neatly classify sometasksaseither spatial or verbal. Inthe Sarno and Wickens (1995)
experiment the verbal task was subtraction in the easy condition and multiplication in the difficult
condition. It is possible that mathematical reasoning is not entirely verbal but is actually a
combination of resources.

The dual task studies described above generally indicate an advantage for an auditory presentation
and avocal response to a secondary task relative to visual/manual presentation and responsefor the
secondary task. This is encouraging if voice technologies are going to be used for automotive
applications. However, it should also be noted that in every case the performance on the primary
visual/manual task was worse when combined with any secondary task, even when the secondary
task was an audio/vocal task.

It isbecoming clear that cellular phone use while driving hasthe potential to distract drivers enough
toincrease the risk of an crash. Redelmeir and Tibshirani (1997) found that drivers’ risk of an crash
was four times higher when using a cellular telephone compared to the same drivers’ risk when they
were not using their cellular phones. Significantly, the increase in risk was the same for both hand-
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held cellular phones and hands-free cellular phones. Apparently it is not smply the fact that the
driver may only be driving with one hand that can lead to an crash. Rather, theimportant factor may
bealossof attention tothedrivingtask. Moredirect evidencefor interference of driving when using
a phone comes from Brown et a. (1969). In this experiment subjects were required to decide
whether or not to drive through agap while at the sametime performing averbal task. Thegap size
varied from 9 inches wider than the car to 3 inches narrower than the car. The verbal message was
transmitted to the subject viathe equival ent of ahands-freetelephone. The subject did not have any
buttonsto pressand did not haveto hold thereceiver. Theverbal task was agrammatical reasoning
task. Subjects had to decide whether or not a sentence describing two |etters matched the order of
two letters presented following the sentence (for example: B isnot followed by A - BA: False). The
subjects responded by vocally answering true or false. Brown et a. found that subjects made
significantly more mistakes in gap size estimation when concurrently performing the verbal task -
subjects were much more likely to try to drive through a gap that was too small. Note that the
secondary verbal task in this experiment was an auditory/vocal task yet it still caused interference
in the visual/manual driving task. This may be because the verbal reasoning task requires spatial
processing resources (picturing the position of two letters), which pulls away needed spatial
resources to make the gap size decision.

It isimportant to note that a person talking on a cellular phone may be qualitatively different from

chatting with another person in the car. The driver chatting with another person in the car has the
advantage of another pair of eyeswatching theroad and the further advantage that the passenger will

probably pause the conversation should a problem arise that requires the driver’s attention. It may
also be informative to subjectively rate the ease of listening and conversation complexity for the
typical in-the-car versus on-the-phone conversation. The use of a voice technology product such as
the AutoPC is very similar to using a hands-free cellular phone and it is possible that it may produce
the same degree of interference that cellular phone use seems to produce while driving.

Several factors may affect the impact of voice technology usage. For example, task demand will
affect how much interference, if any, the use of voice technology has on driving given that the driver
chooses to engage in the voice task. Usage pattern, such as how often the driver uses the voice
technology will also affect the degree of interference. The conditions under which drivers choose
to use the voice technology will also be important. Another factor which could be significant is that

of driver individual difference. It may be that some people are better able to divide their attention
between two concurrent tasks than others. For example, Fournier and Stager (1976) found consistent
differences in dual task performance among Canadian detection/communications officers assigned
to antisubmarine aircraft. Furthermore, this difference was significantly correlated with peer and
supervisor ratings of job performance. The officers that tended to perform better in the dual task
experiment also tended to be rated more favorably by their peers and supervisors. Kahneman, Ben-
Ishai, and Lotan (1973) found consistent differences among bus drivers on a test of selective
attention. These differences were significantly correlated with the number of crashes of bus drivers.

As would be expected, amount of driving experience has an effect on dual task performance.
Wikman et al. (1998) found that inexperienced drivers were more likely than experienced drivers
to deviate in their lanes while putting a cassette in the stereo, changing the radio station, or especially
when dialing a phone. Age may also be an important factor in the ability to perform two tasks
concurrently. Brouwer et al. (1991) found that older drivers did not perform as well on a lane
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tracking task when they had to count visually displayed dots at the same time and respond manually
compared to younger drivers. Significantly, however, older drivers performed equally well when
the dot counting task could beresponded to vocally. Thisresult suggeststhat voicetechnology could
be helpful for older drivers when they have to perform another task while driving.

In summary, the research on dual task performance suggests that voice technology may provide a
meansof performing asecond task whiledriving which may producerelatively lessinterferencewith
the primary driving task than performing the equivalent task without the use of voice technology.
An additional benefit of voicetechnology isthat it may be helpful for older driverswhen performing
a second task while driving. However, all of the research indicates that performing a second task
always has an adverse effect on primary task performance compared to performing the primary task
alone. Theimportant question ishow much interferenceisthereandisit acceptably small? Recent
investigations of cellular phone usage while driving provide some evidence that the use of voice
technology has the potential to distract drivers enough to increase the risk of an crash (Goodman,
Tijerina, Bents, and Wierwille, 1999).

1.5 The Status of Commercially Available Route Guidance Systems

A relative comparison of commercially available systems was recently reported in the trade
literature. Paul (1996) reported a product evaluation of the following navigation systems:

® Acura (developed in conjunction with Alpine Electronics)

® Oldsmobile Guidestar (developed by Siemens/Zexel, also the Hertz Neverlost)
o Clarion/Eclipse Interactive Voice Navigation System (built by Amerigon)

® Delco Telepath 100

e Sony NV X-F160.

Characteristics of these systems are represented in Table 1-1. Test driversin the Los Angeles areas

were asked to find three destinations of various types (unknown area, nearest fast-food restaurant,

specific tourist attraction). The systems were then rated in terms of ease of route programming,
helpfulnessin finding a destination, quality of route finding, system versatility, overall ease of use

and value. The Acura/Alpineand Oldsmobile Guidestar/Zexel systemswererated the best interms

of convenience and ease of use; the Eclipse Interactive V oice system wasrated best in overall value

and highest in quality of routefinding. No driver performance datawerereported. The Sony NV X-

F160 was rated poorest in value and ease of route programming, and the Delco Telepath 100

received the lowest rating for helpfulnessin finding adestination. None of these systems provided

incident detection. While each of the systems were evaluated subjectively, no driver performance-

based evaluation was reported. Such an evaluation would be a useful supplement to Paul’'s (1996)
work because subjective evaluations of systems may sometimes be in conflict with the safety or
usability of those systems. For example, novelty effects may prompt people to favorably assess a
system that in fact is difficult to use. Furthermore, if a system is seen is as an improvement over
what has previously been used, there may be a tendency to favorably evaluate a new system that is
itself still problematic .
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Table 1-1. Navigation System Features for Systems Reviewed in Paul (1996).

Accura/ Clarion/Eclipse Delco Telepath Oldsmobile Sony NV X-F160
Alpine Interactive Voice 100 Guidestar/
Navigation (built by Hertz Neverlost/
Amerigon) Zexel Navmate
Navigation Method v Navigation based on digital v v v
GPS mapping and
origin/destination inputs
Dead Reckoning v
Navigation Features No visual display Provides a
On-screen map compass heading
Turn-by-Turn route v v Driver must query Only compass v Does not plot a route;
programming system periodically (e.g. say heading only pinpoints
“next” after each leg) to destination on map
receive further instructions display and an arrow
in direction of
destination.
Voice directions v v:e " no voice becausg ¢/ no voice because no
no directions directions
Voice recognition v Unique system
Auto. reprogramming | v/
for route variation
Available routing v v
preferences
Input Method Hand-held Voice Input with machine | Rotary Four-way scroll Joystick button on
remote feedback and auditory knob/menu button/ menu remote control
control review of alternatives scrolling scrolling
Database Contents v v v v v
Fine Dining
Family Restaurants/ | ¢ v v v
Fast Food
Gas Stations v v
Hotels v v v
Hospitals v v
Banks/ATMs v v
Popular Attractions v v v v v

Recent in-vehicle information technology has attempted to harness the power of enhanced voice
recognition technology. The AutoPC represents an example of the most recent such system. Other
products include asimilar voice recognition and generation system under development at Visteon,
as well as technologies being marked by Lernout and Hauspie and others, to name but a few.
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1.6 Research Objectives

Clearly, a great many issues arise in consideration of the human factors of wireless
telecommunications and route guidance systems for drivers. Based on inputs from staff at the
NHTSA, the following objectives were selected for the studies described in this report:

° Characterize the impact of route guidance system destination entry on vehicle control and
driver eye glance behavior on atest track;
° Assesstheinfluence of individual differences, asindexed by abattery of cognitivetests, on

the susceptibility to distraction as indicated by disruption in vehicle control and driver eye
glance behavior during destination entry and cellular telephone use while driving;

° Examine the validity of a proposed SAE recommended practice to assess whether or not a
given route guidance destination entry function ought to be allowed while the vehicleisin
motion;

1.7 Organization of the Report

Thisreport consists of four sections. The first section isthis general introduction to the topic area.
The second section describeswhat constitutesthefirst route guidance system destination entry study
conducted on atest track as opposed to asimulator. Cellular telephone dialing and destination entry
with acommercialy available voice recognition system are included in the evaluation. The third
section presents a study of individual differences and their correlation with driver lanekeeping and
eye glance behavior while engaged in variousin-vehicle tasks on atest track. Thereport concludes
with a section that describes a study of the so-called 15-second rule which lies at the heart of the
proposed recommended practice SAE J2364.

1.8 Summary

Many important human factors consequences of wireless telecommunications and route guidance

system usewhiledriving have been introduced here. Many remainto beinvestigated. Recent trends

in technology suggest that the future of in-vehicle “telematics” will involve products which fully
integrate telecommunications, route guidance, and other driver information systems functions,
perhaps with a voice recognition-based driver interface. The studies and analyses described in this
report represent the authors’ attempts to contribute to a better understanding of the complex
relationship between the driver and the technology. It is hoped that this understanding, in turns,
supports a more driver-centered evolution of the technology.

27



2.0 DRIVER WORKLOAD ASSESSMENT OF ROUTE GUIDANCE SYSTEM
DESTINATION ENTRY WHILE DRIVING: A TEST TRACK STUDY

2.1 Introduction

No published data exists on the demands of route guidance system destination entry while driving.
Many believe that destination entry while driving is simply too distracting to be carried out safely,
but many commercially available systems allow it. Some commercially available route guidance
systems provide cautionsto avoid distraction while driving but do not lock out such functionswhile
thevehicleismoving. Otherssystemsinclude amotion sensor that locksout such functions, but this
isthe exception rather than therule. Still other systemsprovide no cautionsor lockoutsat all. Green
(1997) has pointed out several scenarios wherein destination entry or retrieval en route might be
attempted: the driver is in a hurry, knows the general direction in which to start, and adds the
destination information later; the route guidance system does not use congestion information and
a radio announcement indicates the current route is problematic; the driver enters the wrong
destination initially and does not wish to stop the vehicle to correct it; or the driver does not know
the exact destination at the beginning of thetrip, enters an interim destination known to be close by,
then enters the actual destination at alater time.

The objective of this study was to examine four commercially available route guidance systems,
representing alternative destination entry and retrieval methods, intermsof driver visua allocation,
driver-vehicleperformance, and driver subjective assessments. No study hasexamined thisproblem
in areal world driving context, in part because of the very safety concern that prompts an interest
inthetopic. Therefore, atest track study was conducted with light traffic present and avigilant ride-
along observer in the test vehicle.

2.2 Approach

2.2.1 Test Participants. Sixteen (16) test participants were recruited from the Transportation
Research Center Inc. pool of entry-level test driversin equal numbers of malesand femalesin each

of two age categories: Younger (35 years or younger) and Older (55 years or older). These drivers

were hourly employees with valid driver’s licences and generally less than 2 years of TRC driving
experience. None of the test participants owned or had significant prior experience with route
guidance systems prior to this study.

2.2.2 Test Vehicle and Instrumentation: The test vehicle was a 1993 Toyota Camry, equipped

with MicroDAS instrumentation (Barickman, 1998) which captured travel speed, lane position, and
lane exceedences, as well as video of the road scene and driver eye glance behavior at a sampling
rate of 30 Hz. Eye glance video was later manually reduced.

2.2.3 Route Guidance Systems: Four (4) unmodified, commercially available route guidance
systems, each with a different destination entry and retrieval logic and driver interface, were used
in the test. The dash mounted Delco Telepath 100® consisted of a 3-line LCD display to present
menu items, scrolled by means of a bezel-mounted rotary knob and selected by pressing an Enter
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key. The Alpine NVA-N751A® incorporated a free-mounted 5.6 inch active matrix color display
without bezel keys. It displayed an alphanumeric keyboard and entries were made by scrolling from
key to key with a joystick mounted on a remote control unit; pressing down on the joystick registered

a character or selection. If sufficient alphanumerics were entered for the system to estimate candidate
destinations, these were presented as an alphabetized scrolling list of 3 items at the bottom of the
display of the alphanumeric keyboard screen. The Zexel Navmate® consisted of a free-mounted 4
inch diagonal full color LCD screen with a set of bezel control keys, including a central “left, right,

up, down” key and an Enter key. Both the Zexel and Alpine systems were mounted on a gooseneck
pedestal bolted to the floor board between the driver and passenger. The Zexel system presents
menu options for destination entry type and city, followed by a scrolling display of numerically and
alphabetically arranged destinations generally presented 11 to13 lines at a time. The driver presses
the Enter key to make a selection. Finally, the dash mounted Clarion Eclipse® Voice Activated
Audio Navigation (VAAN) system used voice recognition and output exclusively; there was no
visual display. Keywords would activate the VAAN for destination entry. Destinations were entered
by spelling them. The VAAN emphasized precise spelling of a destination; each letter uttered by
the driver would be proceeded by a beep to acknowledge receipt of the input. The driver uttered
“verify” to conclude an entry. The system would eventuate in a spoken list of best-guess candidate
destinations for selection by the driver via YES or NO verbal responses.

The last three of these systems allowed for entry of a street address, intersection, or point of interest
(attraction, restaurant, hotel, etc.). Thus, three types of tasks (address, intersection, point of interest)
were included as suitable for comparisons among the systems. The Delco system only supported
point of interest selection. Also, two additional tasks were included for comparison purposes:
tuning a radio to a specific band and frequency using a modern “Seek” function on the Clarion
Eclipse system; and manually dialing a cellular telephone (a 10-digit number on a handwritten note
card) using a cordless AUDIOVOX Model MVX-500.

2.2.4 Test Route: The TRC 7.5-mile multi-lane test track is in the form of an oval with banked
curves at either end and with unbanked straightaways that measure approximately 2.0 miles each.
The test track is comprised of three 12-ft wide concrete lanes with a fourth inner blacktop lane for
use in the event of vehicle breakdowns or required stops. The test vehicle for this study operated in
lane 1 (adjacent to the innermost blacktop lane) and changed lanes only as needed for normal track
operations and safety. The test participant was asked to drive at approximately 45 mph on the
straightaways and accelerate to 60 mph on the curves, provided that any requested tasks are
completed by the time the test vehicle enters a curve. Otherwise, the driver was to maintain 45 mph
and attempt to complete the requested in-vehicle task. Traffic density tended to be light relative to
open road driving. However, travel speeds for other vehicles of the track might vary greatly,
vehicles involved with other testing could slow, stop, or move to the blacktop lane abruptly, and
track repair and roadside obstructions had to be avoided. Faster traffic drove on the outer lanes of
the oval. Data collection was scheduled for between 8:00 am and 4:30pm weekdays.

2.2.5 Independent Factors, Dependent Measures, and Study Design: A two-between, three-

within mixed factors experimental design was used for this study. The between-factors were Age
category and Gender. The within factors were: Route Guidance System ( Zexel, Clarion Eclipse
VAAN, Alpine NVA-N751A, and Delco Telepath 100); Destination Category (Street address, Cross
street, or Point of Interest), and Destination Targets (Target 1, Target 2, different for each
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destination type but the same targets across each route guidance system). In addition, two non-
destination entry tasks were included for comparison: dialing an unfamiliar 10-digit number on a
cellular phone and manually tuning aradio to a specific frequency on the AM and FM bands. The
dependent measures of interest for this study were: Visual Allocation (mean glance duration, mean
glance frequency, and total glance time to road ahead, in-vehicle device, and note card); Driver-
V ehicle Performance (number of lane exceedences, lane exceedence duration); and Tria Time(i.e.,
destination entry task completion time). Driver preferences and impressions of safety were also
collected, among other subjective assessments.

2.2.6 Procedure: Prior to the data collection runs, the test participant signed an informed consent
form (see Appendix A) and the experimenter familiarized the test participant with each navigation
system. Each test participant then completed 12 practice data entry tasks per system (four for each
destination category), entered while the vehicle was parked. Thistraining was donein two phases
(morning and afternoon); so, two systems were reviewed prior to each half of the test track trials.
Onthe7.5miletrack, theorder of trial swere counterbal anced acrossthefour route guidance systems
(Zexdl, Alpine, Delco, and VAAN), destination entry category (point of interest, intersection, and
street name targets), and target (Target A or Target B within a category). All trials with a given
system were executed before moving on to another system; the destination type and targets within
destination type were counterbalanced to control for order effects. The cellular phone and radio
tuning tasks were interspersed between destination entry trials on an opportunistic basis by the
experimenter in a quasi-random fashion. Prior to leaving for the test track, the destinations were
presented to the test participant in 18-point Times Roman font and the test participant was asked to
write in his or her own hand each destination on a separate index card, as well as the 10-digit
unfamiliar telephone number, such that they would be able to read from it while driving. A task
began when the ride-along experimenter gave the driver a hand-written card or aradio tuning task
was requested orally by the ride-along experimenter. The task ended when the request had been
fulfilled, as indicated by an event marker triggered by the experimenter. Requests for tasks were
generally made when the test participant was exiting acurve onto a straightaway segment of the test
track. After test track data collection was completed, the test participant answered the subjective
assessment questions and was rel eased.

2.2.7 Data Analysis: The data were analyzed by means of the analysis of variance for split-plot
designs using the SAS® Proc GLM routine, Type Il Sums-of Squares. PrickNOVAs,

appropriate transformations were applied (e.g., log transforms of glance durations, square root
transforms of lane exceedence counts) to both normalize the data and stabilize what were often
heterogenous variances. Outliers were not deleted from the data set unless they were clearly

erroneous (e.g., a verified manual data reduction error for eye glance data).

2.3 Reaults

Only Point-of-Interest (POI) destination entry results will be presented here. This choice is made
because a) all four systems were capable of this type of transaction, and b) the results generally
follow the same trends as those for a companion analysis that included destination category (street

address, intersection, point-of-interest) but did not include the Delco system dudinteis

capability. Since the specific destinations were not meant to be comprehensive, but merely a
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methodological convenience, specific target effects are not presented here. All results to be
presented and discussed were significant at an a < 0.05. All other results are considered
Insignificant.

Figure 2.1 shows the effects of the different systems and tasks in terms of trial time or task
completiontime. Panel 1A indicates asignificant effect of Age on destination entry trial time, with
older drivers averaging almost twice as long as younger drivers. Panel 1B shows the averagetrial
times for POI entry as a function of system, with the 10-digit cell phone dialing and radio tuning
tasks included for comparison purposes. The longest completion time, on average, was with the
Alpine system (118 seconds, approximately), the shortest average completion time was with the
VAAN and Delco (approximately 75 and 78 seconds, respectively). Note also that all of the POI
destination entry taskstook significantly longer than manually dialing an unfamiliar 10-digit number
(approximately 28 seconds) or manually tuning amodern radio (approximately 22 seconds). Panel
1Cis significant in that the Age difference is “neutralized” by the use of the VAAN voice data entry
system.

Figure 2.2 presents the average number of glances and mean single glance duration data associated
with device and note card for this study. A main effect for age found that older test participants made
significantly greater numbers of glances per POI destination entry than younger participants
(approximately 31 vs. 16 glances, respectively). Panel 2A shows, not surprisingly, that the average
number of glances per transaction were trivial for the VAAN in comparison with other route
guidance systems, and even lower than the cellular telephone dialing and radio tuning tasks. No
interaction between Age and Device was found. Panel 2B, on the other hand, reveals that the VAAN
was associated with over twice as many glances to the note card, on average, than any other system.
Presumably, the greater precision required to spell the destination correctly prompted such behavior.
Panel 2C depicts the average mean single glance durations to the device; the average glance duration
for the VAAN is aroundl1.0 seconds, as compared with between about 2.5 seconds and 3.2 seconds
for the other systems and comparison tasks. Finally, Panel 2D indicates that, on average, the mean
single glance duration to the note card during a destination entry trial with the VAAN was
substantially longer than for the other systems or the cellular telephone task.

Lane exceedences represent one measure of degraded vehicle control that may be associated with
driver inattention or distraction. Figure 2.3 presents the lane exceedence count averages per trial for
the POI destination entry. Panel 3A indicates that age had a significant effect on lane exceedences.
Older drivers in the study had, on average, about 8 lane exceedences per 10 trials, as opposed to
younger drivers who had a little less than 2 lane exceedences per 10 trials. Panel 3B depicts the
average number of lane exceedences per trial as a function of route guidance system device, with 10-
digit cellular telephone dialing and manual radio tuning included for comparison purposes. Perhaps
the most striking aspect of this panel is that the VAAN was associated with no lane exceedences.

Figure 2.4 shows mean Eyes-off-Road-Time (EORT) results. EORT is the average cumulative
length of a trial time spent with the eyes off the road ahead (e.g., looking at the device, note card,
etc.). Panel 4A shows older test participants spent about twice as long as younger test participants
looking away from the road scene ahead. Panel 4B indicates that, among the route guidance systems,
the VAAN was associated with the least amount of EORT, on average, only slightly higher than that
for manual 10-digit cellular telephone dialing or radio tuning. Panel 4C again shows the voice
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destination entry feature of theVVAAN served to minimizethedifferencesbetween ol der and younger
drivers. Panel 4D presents the average single glance duration to the road scene ahead during thein-
vehicletransactions. Ascan be seen, the VAAN was associated with longer glance durationsto the
road scene ahead than to any other route guidance system or comparison task. Asin-vehicle task
demands grow, the driver is often prompted to shorten intermittent glances back to the road scene
(perhaps to reduce working memory load), potentially missing safety-relevant objects and events.

2.4 Conclusions

These data suggest voi ce recognition technology isaviable aternative to visual-manual destination
entry whiledriving. Thisresult ishighlighted in test participant subjective assessmentsthat favored
voiceinput over visua-manual methods. However, this study ideally would bereplicated and field
validated. Further research must also be conducted to examine the effects of voice interaction on
the selective withdrawal of attention that degrades object and event detection while leaving visual
allocation to the road ahead and vehicle control largely intact. Intheinterim, these datasuggest that
destination entry with visual-manual methods isill-advised while driving.
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3.0 INDIVIDUAL DIFFERENCESAND IN-VEHICLE DISTRACTION WHILE
DRIVING: A TEST TRACK STUDY AND PSYCHOMETRIC EVALUATION

3.1 INTRODUCTION

Theproliferation of information and telecommuni cations systemsfor usein carsand truckshasmade
driver distraction a pressing highway safety concern. Driver distraction or workload reflects three
major influences: the nature of thein-vehicledeviceor task, thedriving conditions under which that
task is pursued, and the individual abilities of the driver. Existing research has focused primarily
on assessing driver distraction in terms of the in-vehicle device or task (e.g., Tijerina, Parmer, and
Goodman, 1998). Less attention has been devoted to characterizing the driving conditions under
which a task might be pursued (e.g., Hulse, Dingus, Fischer, and Weirwille, 1989). Even less
research has been conducted to assess how individual differences among drivers might influence
their propensity toward distraction.

Research into individual differences and distraction might contribute to highway safety in severa
ways. For commercial vehicle operations, human abilities tests might be identified that correlate
substantially with safe driving. Kahneman, Ben-Ishai, and Notan (1973), for example, found
performance on an auditory shadowing task to be significantly correlated with crash involvement
among a sample of Isragli truck drivers. Identification of human abilities associated with time-
sharing skill in a driving context might lead to new methods of driver training. Individual
differences research can also support system design. For example, drivers differ in their spatial
abilitiesasmeasured by psychometrictests. Such differencesmanifest themselveswhen drivers must
use moving map displays in route guidance systems. On the other hand, drivers make good use of
egocentrically-defined text directions regardless of their spatial abilities (McGehee, persona
communication).

Recent research has identified a set of temporal factors in visual perception and cognitive factors
might be predictive of real world performances (Kennedy, et al.,1997). It wasdesired to determine
the extent to which such tests, provided in a computerized battery termed PATSY S, might be
indicative of performance during in-vehicle device use while driving.

3.2 METHOD

3.2.1 Test Participants: Sixteen (16) TRC test drivers participated. These drivers were hourly
employees with valid driver’s licences and generally less than 2 years of TRC driving experience.
There were equal numbers of males and females in each of two age categories: Younger (35 years
or younger) and Older (55 years or older). None of the test participants owned or had significant
prior experience with route guidance systems or cellular telephones prior to this study.

3.2.2Test Vehicleand I nstrumentation: The test vehicle was a 1993 Toyota Camry, equipped with
MicroDAS instrumentation (Barickman, 1998) which captured travel speed, lane position, and lane
exceedences, as well as video of the road scene and driver eye glance behavior at a sampling rate
of 30 Hz. Eye glance video was later manually reduced.
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3.2.3 Route Guidance Systems: Four (4) unmodified, commercially available route guidance

systems. The dash mounted Delco Telepath 100® consisted of a 3-line LCD display to present menu
items, scrolled by means of a bezel-mounted rotary knob and selected by pressing an Enter key. The
Alpine NVA-N751A® incorporated a free-mounted 5.6 inch active matrix color display without
bezel keys. It displayed an alphanumeric keyboard and entries were made by scrolling from key to
key with a joystick mounted on a remote controitupressing down on the joystick registered a
character or selection. If sufficient alphanumerics were entered for the system to estimate candidate
destinations, these were presented as an alphabetized scrolling list of 3 items at the bottom of the
display of the alphanumeric keyboard screen. The Zexel Navmate® consisted of a free-mounted 4
inch diagonal full color LCD screen with a set of bezel control keys, including a central “left, right,

up, down” key and an Enter key. Both the Zexel and Alpine systems were mounted on a gooseneck
pedestal bolted to the floor board between the driver and passenger. The Zexel system presents
menu options for destination entry type and city, followed by a scrolling display of numerically and
alphabetically arranged destinations generally presented 11 to13 lines at a time. The driver presses
the Enter key to make a selection. Finally, the dash mounted Clarion Eclipse® Voice Activated
Audio Navigation (VAAN) system used voice recognition and output exclusively; there was no
visual display. Keywords would activate the VAAN for destination entry. Destinations were entered
by spelling them. The VAAN emphasized precise spelling of a destinatioh;letter uttered by

the driver would be proceeded by a beep to acknowledge receipt of the input. The driver uttered
“verify” to conclude an entry. The system would eventuate in a spoken list of best-guess candidate
destinations for selection by the driver via YES or NO verbal responses.

The last three of these systems allowed for entry of a street address, intersection, or point of interest
(attraction, restaurant, hotel, etc.). Thus, three types of tasks (address, intersection, point of interest)
were included as suitable for comparisons among the systems. The Delco system only supported
point of interest selection. Also, two additional tasks were included for comparison purposes:
tuning a radio to a specific band and frequency using a modern “Seek” function on the Clarion
Eclipse system; and manually dialing a cellular telephone (a 10-digit number on a handwritten note
card) using a cordless AUDIOVOX Model MVX-500.

The PATSYS test battery was used to conduct the psychometric evaluation (See Table 3-1). This
battery was run on a Gateway 2000 E-3110 personal computer with a Vivitron 17-inch diagonal high
resolution color monitor. For further details of these tests, see Kennedy, Silver, and Ritter (1995),
Turnage and Kennedy (1995), and Kennedy, Turnage, and Lane (1997).
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Table 3-1. PATSY S Test Battery: Temporal and Cognitive Subtests.

TEST
NAME

TEST DESCRIPTION

SCORING

Dynamic
Visual Acuity
(DVA):

Thistest varied the presentation time between the letter “C” presented on the left of thq
screen and a letter “C” presented on the right of the video screen. The participant’s t4
to determine if the C's were facing in the same or opposite direction. DVA refers
ability of an observer to resolve fine detail in an object when there is relative motion bg
them. This may be important as a driver repeatedly shifts gaze from the road scene |
the vehicle.

b vitheo participant’s score wa
sthwafastest presentation tin
ofthrecorrect responses. A lowd
tveeene indicates better dynam
b inisig# acuity.

o=ov

Smultaneity
(SIMU):

This test presented two open boxes 33 mm apart which were alternately flashed on th
for 60 msec. The interstimulus interval (ISI) for onset of the two boxes was manipu
The basis for this test is that relatively large temporal differences are needed be
observer can reliably perceive two stimuli as non-simultaneous. Reflects visual prog
speed, acuity.

b §dreeparticipant’'s score wa

latiee. lowest time value or IS

orghan the two boxes appearq

essibg on simultaneously.
lower score indicates betts
temporal acuity.

o

edl

= =

Bistable
Stroboscopic
Motion (STR)

This test presented an array of boxes that were alternately cycled. Frame one con
three horizontal elements of boxes with equal center-to-center distances. Frame t
identical elements had identical elements shifted to the right by a distance equal
center-to-center separation between stimuli. Participants responded by keyboard
whether they perceived “element” motion (appearing as four boxes) or “group” m
(appearing as a set of three boxes that alternatively shifted back and forth laterally o
width).

iSthd qfoint of transition from
(vornatype of motion to the othg
tavaisecollected as a thresho)
presises A lower scorg

he box-

ptiepresents greater sensitivity.

o =

Phi
Phenomenon
(PHI)

Square boxes, 33 mm apart on the video display were presented to the left and righTloé &alue of the ISI at the fiftl]

fixation point. Through a set of response keys, the participant would adjust the interst
interval (ISI) to the point where the boxes appeared to transition from moving succeg
to a single box moving back and forth. Reflects visual processing speed.

nmelusrsal was the participant
ssedye. A lower score woul

signify better temporal acuity}

— 0

Masking Test
(M)

In this test, two vertical lines .075" in length and 0.05" in width were presented
horizontal line 0.05" in length extended from the midpoint of either the left or right ve
line. After a brief period, the lines were replaced by a complex pattern of dots (the 1
The screen went blank and the participant was instructed to press the left or right arrg
depending on whether the horizontal line was on the left or right vertical line. Mask
the interference in the perception of one briefly presented stimulus by a second, suc
stimulus briefly presented nearby in time and space. This may be important as thg
attempts to retain information in working memory while glancing between road scer
in-vehicle device.

THe ISI between the target an
titled mask was varied and t
hasljicipant’'s score was th

datuty.
e and

weeysst ISI for correct]
ngesponses. A lower  scole
esiginfied better tempora

d
e

Grammatical
Reasoning
GR

This test employs five grammatical transformations on statements about the relati
between two letters “A” and B” For example, There are 32 possible items arrang
random order. The participant assesses the correctness of the statement by pressin
key for true statements or the “F” key for false statements. This measures higher co
processes of deductive reasoning. It may reflect a general effect of greater co
capability on task completion.

brifegpparticipant’s score is th
edumber correct out of 32
p thatéfients. A higher score
giitilfeative of greater capacit

profikigher cognitive processing.

(]
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Mannikin
Test (MNK)

A simulated human figure (a sailor) is presented in either full-front or full-back orient
on the screen. The figure is shown holding three hearts, diamonds, clubs, or spades,
patterns in each raised hand. One of the two patterns held matches a pattern which
on a podium the figure stands on. The participant indicates which hand is holdin
pattern matching that in the podium by pressing the appropriate key. This test app
measure ability in mental rotation and related transformations. MNK scores might 1
the ability of a driver to reorient spatially between glances to an in-vehicle display layo
the road scene.

htidime participant’s score is th
liffier@ber correct out of 14
apearsA higher score signifie
ghtteer spatial ability.

ears to

eflect

tand

(]

4-Choice
Reaction
Time
(RT4)

On this test, four outlined boxes are displayed above the numbers 1, 2, 3, and 4. At
intervals, one of the boxes illuminates, i.e, changes from outline to filled. The parti
presses a corresponding key as quickly and accurately as possible. This test ass
participant’s speed of information processing to make a response from multiple alte
stimuli, depending on which alternative is signaled. Speed of cognitive procesg
ubiquitous as an contributor to cognitive task performance.

ambenparticipant’s score is th
ipargncy between when a bg
eSHlamthates on the screen ar
nathen the corresponding key
ingréssed on the keyboar
Shorter reaction time
generally represent fastg
processing
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Pattern
Comparison
(PO)

Inthistest, apair of eight-dot patternsare presented and the test participant indicates on the
keyboard whether the two patterns arethe same or are different. Thisisatest of perceptual
speed. This may be important as driver's compare entry data to device display fee

The participant’s score is th
number of pairs correctl
ibdektified as similar of
different. Higher scores imply
greater perceptual speed.

Code
Substitution

(&)

This test involves a display of nine characters on the top of the screen and beneath t]
numbers 1 through 9 in parentheses. Under the code are two rows of characters wit
parentheses beneath them. The participant inserts the number associated with the g
from the code displayed at the top of the screen. This test appears to assess working
and perceptual speed. It may reflect the capability of a driver to keep track o
components.

hérhehscore is made up of t

h enptyer of correctly matche
hdigitseto their correspondin
mettensy  Higher scores impl
Grslater perceptual speed al
working memory.
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3.24 Test Track: The TRC 7.5-mile multi-lane test track is in the form of an ova with banked

curves at either end and with unbanked straightaways that measure approximately 2.0 miles each.
Thetest track is comprised of three 12-ft wide concrete lanes with afourth inner blacktop lane for

useinthe event of vehicle breakdowns or required stops. Thetest vehiclefor this study operated in
lane 1 (adjacent to the innermost blacktop lane) and changed lanes only as needed for normal track

operations and safety. The test participant was asked to drive at approximately 45 mph on the
straightaways and accelerate to 60 mph on the curves, provided that any requested tasks are
completed by thetimethetest vehicle entersacurve. Otherwise, the driver wasto maintain 45 mph
and attempt to complete the requested in-vehicle task. Traffic density tended to belight relative to
open road driving. However, travel speeds for other vehicles of the track might vary greatly,
vehicles involved with other testing could slow, stop, or move to the blacktop lane abruptly, and
track repair and roadside obstructions had to be avoided. Faster traffic drove on the oute